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SUMMARY 


1HTBPPUCTIPH 


Research  undertaken  in  the  mid-1960's  assessed  the  effects  of 
nuclear  attack  on  components  of  the  national  transportation  network 
under  a strategy  of  in-place  protection.  More  recent  investigations 
have  studied  alternative  strategies  for  transporting  people  and  critical 
commodities  from  areas  of  high  risk  in  anticipation  of  a nuclear  attack. 
The  current  study  extends  the  previous  research  by  (1)  investigating  the 
effects  of  a nuclear  attack  on  the  reconfigured  transportation  system 
and  the  relocated  population  following  an  evacuation  of  high-risk  areas. 

(2)  identifying  and  evaluating  alternative  means  of  providing  transpor- 
tation system  support  to  the  relocated  survivors  of  such  on  attack,  and 

(3)  reviewing  existing  relocation  guidance  in  the  light  of  probable 
postattack  consequences.  This  research  evaluates  the  problem  of  provid- 
ing transportation  system  support  following  both  a relocation  effort  and 
a nuclear  attack,  and  systematical ly  proposes  and  evaluates  alternative 
solutions  to  this  problem.  Uhere  applicable,  the  proposed  solutions  are 
examined  in  detail  in  a case  study  of  Colorado  Springs,  Colorado. 
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PAST  RESEARCH 

Impacts  of  Crisis  Relocation  on  Transportation  Systems 

Past  studies  have  identified  no  potential  transportation  problems 
severe  enough  to  render  a crisis  relocation  strategy  unworkable.  The 
nationwide  availability  of  vehicles  far  exceeds  the  anticipated  demand, 
so  that  the  chief  limitations  to  the  effective  use  of  these  vehicles  are 
likely  to  be  administrative  problems  of  organization  and  deployment. 

The  capability  of  local  road  networks  will  be  stretched,  particularly  on 
the  first  day  of  relocation,  but  careful  planning  and  scheduling  coupled 
with  the  continuous  monitoring  and  broadcasting  of  traffic  conditions 
should  enable  these  networks  to  handle  the  load  in  most  U.3.  cities. 

Since  the  demand  for  motor  fuel  during  and  after  relocation  is  not 
likely  to  exceed  normal  demand,  the  chief  fuel  problem  will  be  one  of 
redirecting  the  flow  of  gasoline  from  risk  areas  to  host  areas,  so  that 
supplies  are  available  where  they  are  needed  and  reserves  may  be  built 
up  in  relatively  invulnerable  locations. 

Past  PpSLtattack  Rgae.ar&h 

Earlier  studies  of  transportation  system  vulnerability  under  a 
strategy  of  in-place  protection  have  indicated  that  the  surviving  aggre- 
gate inventories  of  critical  transportation  equipment,  roadways,  classi- 
fication centers,  and  personnel  will  be  more  than  adequate  for  the 
delivery  of  food  and  other  essential  goods  and  services.  These  studies 
indicate  that  damage  to  the  U.S.  fuel  supply  system  would  be  relatively 
heavy,  and  that  regional  fuel  imbalances  could  be  a serious  postattnek 
problem. 
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Implications  of  Previous  Research 

While  certain  potential  postattack  problems  may  be  alleviated  by  a 
relocation  strategy,  other  problems  will  be  intensified.  The  extensive 
vehicle  movement  and  fuel  stockpiling  accompanying  the  relocation  strat- 
egy will  render  both  of  these  elements  less  vulnerable  to  nuclear 
attack.  However,  the  survival  of  additional  people  in  areas  removed 
from  traditional  distribution  centers  can  be  expected  to  intensify  the 
stress  imposed  on  the  damaged  transportation  system.  Although  the  relo- 
cation itself  will  have  no  impact  on  the  vulnerability  of  such  fixed 
elements  as  the  road  network  or  fuel  refineries,  demands  on  these 
elements  in  the  postattack  period  will  be  greatly  affected  by  the  relo- 
cation strategy.  Damaged  roadways  will  increase  the  transportation 
distances  covered  in  providing  critical  supplies,  and  this  additional 
distance,  coupled  with  the  survival  of  additional  population,  will 
create  increased  demands  on  surviving  fuel  refineries. 


DAMAGE  ASSESSMENT  ANALYSIS 

Urder  a crisis  relocation  strategy,  approximately  98  percent  of  the 
Colorado  Springs  risk  and  host  area  population  is  expected  to  survive  a 
nuclear  attack.  The  comparable  nationwide  figure  is  90  percent 
survival.  These  survivors  will  impose  demands  on  three  principal  compo- 
nents of  the  national  and  local  transportation  system:  vehicles,  road 
and  rail  networks,  and  fuel. 

Vehicle  Survival 

Vehicle  availability  is  not  expected  to  be  a limiting  factor  on  the 
movement  of  goods  and  people  following  an  attack.  In  Colorado  Springs, 
more  than  twice  as  many  trucks,  buses  and  locomotives  will  survive  an 
attack  following  a crisis  relocation  strategy  as  are  likely  to  survive 
under  a strategy  of  in-place  protection.  To  the  extent  possible,  such 
critical  vehicles  as  debris-removal  equipment,  switching  locomotives, 
and  dump  trucks  should  be  moved  to  the  host  area  as  part  of  the  reloca- 
tion effort,  along  with  a supply  of  spare  parts  and  maintenance  manuals 
for  al l vehicles. 

The  most  critical  problem  with  transportation  equipment  under  a 
crisis  relocation  strategy  is  likely  to  be  one  of  organization  and  coor- 
dination. This  is  expected  to  be  especially  true  following  an  attack. 
Although  the  surviving  vehicle  supply  is  expected  to  be  more  than 
adequate  for  carrying  essential  supplies,  clear  lines  of  authority  and 
advance  planning  will  be  needed  to  ensure  that  the  vehicles  are  in  the 
right  place  at  the  right  time  with  the  right  orders. 
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Bond  and  Rail  network  Survival. 

Rood  Network.  Key  highway  links  were  cut  in  every  major  city 
targeted  in  the  postulated  attack.  Although  past  studies  have  deter- 
mined that  detour  routings  could  be  found  around  every  damaged  link,  the 
current  investigation  estimated  that  such  detours  would  increase  travel 
times  by  factors  ranging  from  22  to  34  percent.  Precise  nationwide 
estimates  of  postattack  travel  distances  and  demands  would  require  a 
model  of  nationwide  commodity  movement  over  the  existing  road  network. 
Such  a model  was  beyond  the  scope  of  the  current  study,  but  should  be 
incorporated  in  future  resernch  efforts  ns  a basis  for  assessing  postat- 
tack travel  distances,  vehicle  requirements,  and  fuel  consumption. 

Truckstops.  In  the  two  decades  since  they  became  a prominent  part 
of  the  intercity  transportation  picture,  the  more  than  3,000  truckstops 
located  along  the  nation's  highway  system  have  proven  themselves  to  be 
an  invaluable  source  of  emergency  assistance  to  travelers  and  commercial 
truckers  in  natural  disasters.  Nearly  70  percent  of  these  truckstops 
would  survive  a nuclear  attack.  The  relative  invulnerability  of  truck- 
stops  to  nuclear  attack,  coupled  with  their  importance  in  the  day-to-day 
movement  of  intercity  cargo  make  them  a valuable  resource  in  any  crisis 
relocation  plan.  A companion  report  discusses  the  role  of  truckstops  as 
traffic  control  centers  under  crisis  relocation  conditions.  In  addition 
to  their  traditional  roles  as  fueling  points,  these  control  centers 
would  also  act  as:  (1)  checkpoints  for  rerouting  or  reassignment  of 
essential  shipments;  (2)  interim  consignment  points  for  non-essential 
shipments;  (3)  relay  points  for  drivers;  (4)  coordination  and  reassign- 
ment points  for  cabs  and  drivers;  and  (5)  central  assignment  points  for 
mechanics.  To  make  maximum  use  of  truckstops  as  an  emergency  resource, 
an  attempt  should  be  made  to  form  a voluntary  organization  of  trnckstop 
owners  capable  of  providing  an  emergency  fueling  capability  for  vehicles 
and  havens  of  rescue  for  drivers  and  passengers  in  times  of  crisis. 

Rail  Network.  If  a nuclear  attack  were  to  occur,  the  nation’s  rail 
network  would  suffer  heavy  damage,  with  41  percent  of  the  classification 
yards  and  53  percent  of  the  repair  shops  surviving.  It  appears  that  the 
rail  system  could  be  30  to  50  percent  operational,  but  with  reduced 
efficiency,  within  30  days  after  the  postulated  attack.  In  general, 
damage  and  debris  will  cause  considerable  curtailment  of  rail  service  in 
the  immediate  postattack  period,  and  a greater  share  of  the  nation's 
cargo  will  initially  be  carried  by  the  more  flexible  trucking  system. 

In  planning  for  postattack  rail  movement,  key  host-area  terminals 
which  could  be  used  as  control  centers  in  time  of  crisis  should  be  iden- 
tified in  the  preattack  period,  and  plans  for  the  expansion  and  use  of 
these  terminals  should  be  incorporated  in  appropriate  crisis  relocation 
planning  documents.  This  has  been  accomplished  for  the  Colorado  Springs 
risk  area.  During  the  crisis  relocation  period,  emergency  power-gener- 
ating equipment  should  be  moved  to  these  terminals,  and  rail  panels  for 
repairing  track  damage  should  be  loaded  on  flatcars  and  spotted  on 
sidings  at  various  locations  in  the  host  area. 
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fuel  System  Survival 

An  analysis  of  the  damage  to  U.S.  and  Colorado  petroleum  production 
and  distribution  facilities  indicates  that  severe  fuel  shortages  would 
probably  follow  a nuclear  attack.  The  destruction  of  national  and  local 
refineries,  storage  facilities,  and  pipelines  would  necessitate  changing 
patterns  of  distribution  and  strict  fuel  use  controls. 

The  two  largest  refineries  located  in  Colorado  and  all  Denver  pipe- 
line terminals  would  be  severely  damaged  by  the  postulated  attack,  and 
would  not  be  operational  in  the  first  postattack  year.  Nonetheless,  up 
to  60  percent  of  Colorado's  preattack  fuel  supply  could  be  transported 
by  truck  from  undamaged  supply  points  in  Wyoming  and  Texas.  At  the 
national  level,  however,  only  30  percent  of  U.S.  refinery  and  storage 
capacity  is  expected  to  survive  the  postulated  attack;  therefore,  it  is 
anticipated  that  federal  reallocations  will  effectively  cut  Colorado's 
fuel  supply  to  30  percent  of  preattack  levels. 

Following  a crisis  relocation  prior  to  an  attack,  fuel  requirements 
are  expected  to  drop  to  between  35  and  40  percent  of  normal  daily  usage. 
As  the  nation’s  production  capacity  will  far  exceed  consumption  rates 
during  this  period,  excess  supplies  should  be  stockpiled  in  host  area 
storage  tanks  to  alleviate  anticipated  postattack  shortages.  Rigid 
control  and  conservation  measures  such  as  rationing,  vehicle  impound- 
ment, and  restriction  of  unnecessary  cargo  shipments  will  be  necessary 
following  an  attack.  Introduction  of  these  measures  during  the  reloca- 
tion period  will  allow  these  procedures  to  be  tested  under  somewhat  less 
harrowing  ircumstances  and  increase  the  supply  of  fuel  available  for 
stockpiling.  Critical  petroleum  production  and  distribution  facilities 
on  the  fringes  of  anticipated  target  areas  should  be  protected  with 
sandbags,  steel  mesh,  and  earth  embankments  during  the  relocation 
period. 

The  available  fuel  supply  will  be  the  constraining  element  in  the 
postattack  management  of  the  transportation  system.  In  this  regard, 
fuel  shortages  will  be  more  critical  than  either  vehicle  losses  or  road 
damage.  However,  there  should  be  sufficient  fuel  to  support  the  move- 
ment of  food  and  other  essential  commodities  if  its  use  is  carefully 
control  led. 


ftNAUSl?  OF  -AM  ISimPCB.  CRISIS-SITUATION 

If  the  initial  crisis  relocation  is  not  followed  by  an  attack  or  a 
cessation  of  hostilities,  an  extended  relocation  may  result  in  which 
risk  area  residents  remain  for  relatively  long  periods  of  time  within 
the  host  area.  In  the  event  such  an  extended  relocation  period  occurs, 
several  adjustments  might  be  made  in  the  relocation  posture.  Tor  exam- 
ple, the  number  of  critical  industries  and  commuting  workers  might  be 
increased,  while  some  non-critical  activities  may  be  transplanted  from 
the  risk  to  the  host  area  and  restarted  for  the  duration  of  the  extended 
relocation  period.  At  the  same  time,  stockpiles  of  critical  commodities 


could  be  amassed  in  the  host  area.  Such  adjustments  could  have  poten- 
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tially  large  impacts  on  the  transportation  network  and  fuel  supply 
system.  As  part  of  the  current  investigation,  a range  of  adjustments 
associated  with  an  extended  relocation  period  was  postulated,  the  trans- 
portation impacts  of  these  adjustments  were  quantified,  and  alternatives 
for  providing  transportation  support  throughout  the  extended  period  were 
proposed  and  evaluated. 

Analysis  of  the  extended  crisis  situation  in  Colorado  Springs  indi- 
cated that  none  of  the  anticipated  adjustments  generated  excessive 
transportation  or  fuel  support  requirements.  An  extended  crisis  period 
would  provide  additional  time  to  stockpile  fuel  supplies  in  the  host 
area,  and  it  is  strongly  recommended  that  such  a stockpiling  strategy  be 
followed.  In  Colorado  Springs,  secondary  bulk  storage  facilities  and 
gasoline  station  storage  tanks  would  be  filled  to  capacity  in  a little 
more  than  one  week  following  the  completion  of  relocation.  It  is 
likely,  then,  that  a strategy  of  fuel  stockpiling  under  extended  crisis 
conditions  will  require  the  creation  of  additional  fuel  storage  capabil- 
ity in  host  areas.  Construction  of  traditional  bulk  storage  facilities 
would  require  several  months.  Possible  alternatives  for  providing  such 
additional  storage  in  a shorter  time  period  include: 

- Filling  the  tanks  of  impounded  automobiles; 

- Building  expedient  storage  facilities  using 
collapseahle  rubber-plastic  containers  in 
earthern  embankments;  and 

- Using  underground  storage. 

In  addition  to  fuel,  food  supplies  such  as  dried  milk,  canned  meat 
products,  and  ran  grain  likely  to  be  in  short  supply  or  geographically 
inaccessible  following  an  attack  should  be  stockpiled  in  host  areas 
under  extended  crisis  conditions. 


inPUCAIIQHS_QF_PQSTATTACK  RESEARCH  ON  CRISIS  RELOCATION  GUIDANCE 

The  results  of  the  postattack  research  on  the  Colorado  Springs  study 
area  have  been  reviewed  in  light  of  the  current  guidance  for  crisis 
relocation  planning.  As  a result  of  this  teview.  it  appears  that  the 
basic  strategy  proposed  for  providing  transportation  under  crisis  relo- 
cation conditions  is  sound,  although  certain  changes  and  additions  are 
recommended.  The  analysis  accompanying  the  damage  assessment  and  evalu- 
ation procedures  brought  to  light  several  elements  which  should  be 
included  in  the  crisis  relocation  guidance  issued  by  the  federal  govern- 
ment and  in  the  crisis  relocation  plans  for  specific  areas.  These 
elements  include: 

1.  Provision  for  moving  critical  vehicles  (such  as  switch  engines 
and  debris-removal  equipment)  cult  of  risk  areas  where  possi- 
ble, and  assembling  parts  inventories  within  the  host  areas; 
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2.  Guidelines  for  Identifying  key  host  area  railyards  and  plan- 
ning for  their  expansion: 

3.  Guidelines  for  preparing  a list  of  critical  pipeline  repair 
facilities  and  plans  to  protect  them; 

A.  Provision  for  stockpiling  fuel  as  soon  as  possible  during 
crisis  relocation,  for  constructing  expedient  bulk  storage 
facilities  within  the  host  area,  and  for  supporting  plans  for 
peacetime  crude  stockpiles  and  research  into  expedient  storage 
structures  and  product  storage;  and 

5.  Provision  for  identifying  key  host-  and  risk-area  truckstops, 
outlining  the  role  of  these  truckstops  under  crisis  relocation 
conditions,  and  forming  a peacetime  organization  of  truckstop 
owners. 

[ 

These  elements,  along  with  general  postattack  guidance  for  transpor- 
tation system  management,  have  been  incorporated  in  prototype  crisis 
relocation  plans  for  the  State  of  Colorado,  the  risk  area  of  Cl  Paso 
County,  and  a sample  host  area,  Fremont  County.  Guidelines  for  state 
and  local  relocation  planners  have  been  updated  to  reflect  these 
elements,  as  well  as  other  concerns  identified  in  extensive  interviews 
with  planners  and  industry  personnel.  A summary  of  the  revised  guide- 
lines appears  in  the  accompanying  exhibit. 
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EXHIBIT  S.l 
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RECOMMENDED  GUIDELINES  FOR  TRANSPORTATION 

POniLAT  ION 
NDVUCNr 


SUPPORT  OF  THE  CRISIS  RELOCATION  STRATEGY 


H«rt  AMI  BlUUHAl  Al'TmTJKS 

* IwtM  fu* *l  ililriM Ion  |MU*m>  from  i»comUr>  tuurcci  to  lW  rnnwar 

* Arrange  for  tMinoul  fn««ri  uf  equipment  needed  to  distribute  food.  foot,  4 ot her  critical  ii«o*. 

* Mai  vo  vehicle  kighMi  weight  ro»tr  let  loot 

* Public  lie  rwiMt  rvivlillMi  «t  cktla  of  c earn  end  


* Null  evacuees  till  relocate  In  pnvati 
sutunob  las 

' Autoless  rvulMti  should  proceed  to 
nearest  srhool  or  polling  place  in 
•kionUMt  with  publicised  uiwjulit 


AISI  AMI  A ATNVI1IU 


1 itiiUMi  tllk  autos  ihuuld  Hiialir 
vehicle  oicrpency  I schedule  departures 
to  mtnroiie  lililikout  of  congest ton . 

1 local  huio  thoulJ  oporato  on  reduced 
holiday  schiJule*  during  early  stages 
of  rv lot  at  ion  Remainder  of  Moot  Kill 
bo  uud  In  evacuation  In  auit  cl  Hot. 
school  buwt,  publit  transit , 4 local 
tour  bum  kill  bo  adequate  to  relocate 
autoloat  roaidonta,  intercity  buses 
should  ho  directed  to  citlas  with  vehi- 
Cla  shortages,  bus  departures  should  bo 
scheduled  to  minim  se  congestion. 

' Rail  passenger  service  should  be  used 
•there  possible  lleavy  trucks  and  bos- 
cars  can  supplement  evacuation  vehicle 


HOST  ARIA  ACTIVITIES 


1 Uso  of  private  autos  will  be  restricted 
once  host  area  Is  reached. 

1 follouing  relocation  risk  area  busas 
eill  provide  public  transportation 
capability  In  host  area 
' Busas  4 carpools  should  be  used  to 
estent  possible  in  cuomutrog  of  cri- 
tical workers. 


' Intercity  cargo  flow  will  generally 
follow  normal  patterns,  with  aoveaents 
restricted  to  critical  goods 
' local  cargo  flow  will  be  restricted  to 
aovewent  of  critical  goods,  but  travel 
distances  will  be  increased,  increasing 
rsqutremant*  for  vehicles  4 drivers 
carrying  critical  commodities. 

spec  tali  tad  meter  vehicles  (o.f.. 
ambulances,  duo,,  trucks,  debris -rsnoval 
equipment ) and  critical  rail  rolling 
stock  will  be  evacuated  to  host  areas; 
spare  parte  will  be  stockpiled  in  safo 
local ions 


* Continue  t operate  all  njjor  fuel 
•diolesalv  ictti  ■dons,  primary  4 second- 
ary fuel  storage  teroinals,  4 other 
diet ribut  to  i facilities  for  critical 
commodities. 

* Augwent  vehicle  fleet  4 driver  pool  for 
transportation  of  critical  goods  as  re- 
quired. following  guidelines  4 proce- 
dures established  by  MU1A  for  obtaining 
personnel  4 equipment  non  less  criti- 
cal sectors. 

' Increase  vehicle  4 driver  productivity 
by  taking  advantage  ot  waived  restric- 
tions 4 weight  Imitations,  niniamng 
down  line,  relating  Maintenance  re 
quiirncnts;  increasing  vehicle  loads, 
loading  on  I . lull  pallet  i|Vc<  Hies; 

4 'hipping  only  eecessarv  coat  id  Hies. 

Relocate  specialised  Motor  vehicles, 
critical  rolling  stock  and  repair 
equipment  to  host  aroae. 


Continue  all  warehousing  4 distribution 
activities  fur  critical  goods,  e spend 
lag  operations  whore  ;tossible  through 
use  ot  conn endec r«d  space,  worker  over- 
tine,  4 relocated  workers. 

Augnrnt  transportation  fleet  4 driver 
pool  as  required,  following  guidelines 
and  procedures  established  by  NPTA  for 
obtaining  personnel  4 new  equipnent 
fron  other  sectors. 

increase  vehicle  4 driver  productivity 
by  taking  advantage  of  waived  driver 
restrictions  4 weight  Imitations,  Min- 
imi ing  down  tine,  rr lasing  Mainten- 
ance requirement ».  increasing  vehicle 
loads,  loading  only  fall  pallet  quant i 
ties,  4 shipping  only  necessary  coamu 
dlt las 

Stockpile  vehicle  parts  and  Maintenance 
Manuals. 


ROAD  NtnOHl 
UTILIZATION 


Advance  planning  should  identify  bottle 
necks  4 use  all  available  roads  to  maai- 
Miie  outbound  flow.  Fffectt  of  conges- 
tion on  rood  capacity  should  be  expll- 
citly  considered.  4 contingency  plans 
should  be  developed  to  bypass  congested 
bottlenecks. 

’ Traffic  flow  should  be  Monitored 
throughout  relocation  period,  prefer- 
ably by  helicoptar. 

' Polica  4 emergency  rescue  vehiclas 
should  patrol  evacuation  routes  to  re- 
nove  disabled  vehiclas. 


All  available  Means  should  be  employed 
to  persuadr  population  to  limt  nuabvr 
of  vehicles  used  in  evacuation  4 spread 
departures  evenly  over  three-day  relo- 
cat ion  period. 

Frequent  report*  on  traffic  conditions 
should  be  provided  throughout  the  relo- 
cation period  to  allow  departing  evac- 
uee* to  enter  traffic  flow  strean*  at 
optinal  tiwe*  4 to  pcrnit  aotot.st* 
to  adjust  travel  plans  en  route. 

Mherr  the  possibility  of  congestion 
is  high,  license  plate  controls  should 
be  used  to  schedule  departures. 

Move  rail  panel*  to  host  area  on 
flatcars. 


* Reception  station*  should  remain  open 
around  tlie  clock  to  facilitate  spread 

ing  ot  risk  area  departure  tinea. 

* Service  stations  4 rest  areas  will 
*erva  as  staging  po.nts  for  enrrgency 
vehicle  patrols  during  relocation. 

* Identify  key  host  area  teroinals 
(truck stops  and  railyards)  in  advance 
and  plan  for  their  support. 


* If  fuel  shortages  do  not  vaist  prior 
to  relocation,  they  are  not  likely  to 
occur  during  or  after  relocation. 
However,  rationing  4 other  point -of- 
purchase  controls  nay  be  drsirable  to 
conserve  fuel  against  the  shortages 
that  can  be  eapected  if  an  attack 
ensue* 

' The  flow  of  aotor  fuel  will  be  redir- 
ected frua  risk  area  teroinals  4 sta- 
tions to  host  area  bulk  teroinals  4 
gas  skat  ions. 

' Intercompany  fuel  transfers  should  be 
permitted  to  facilitate  the  redirec- 
tion of  flow  iron  risk  to  host  areas. 

' lo  the  estent  possible,  vehicles  mov- 
ing between  risk  4 host  area*  with 
critical  worker*  4 coaaoditias  should 
refuel  in  the  risk  area. 

’ Aest rict Ions  on  the  use  of  leaded  fuel 
should  be  eliminated. 

Escess  fuel  produced  during  relocation 
period  should  be  stockpiled  in  host 
trees . 


Secondary  bulk  terminals  and  pipeline 
outlets  will  continue  to  operate  to 
supply  ho*,  area  station*  4 teroinals 
4 critical  risk  area  stations.  Once 
the  i r local  ton  order  Is  Riven,  only  a 
I mi  ted  maiher  of  critical  stations 
will  be  resupplied,  hhere  possible, 
risk  area  pipeline  outlet s should  sup- 
ply those  stations. 

* All  gasoline  stations  should  remain  open 
around  the  clock  during  three-day  relo- 
cation period  until  their  tanks  arc 
drained  Following  relocation,  only 
critical  stations  will  remain  open. 

' Non-crit leal  station*  with  fuel  remain 
lug  following  relocation  should  deposit 
kev*  with  public  safety  officials  so 
that  inventories  c-n  be  used  to  support 
movement  of  critical  workers,  4 commo 
Jit les. 

' Station*  should  observe  rationing  con- 
trols 4 odd,  oxen  regulations  estab- 
lished net . one) I y during  pre  crisis 
pel lod  4 evaluation  period. 

Strengthen  critical  pipeline  terminal* 
and  retinenes  on  fringes  of  tatget 
•rea  against  attack 


' Supplies  to  stations  along  evaluation 
routes  will  be  bolstered  these  sta- 
tions should  remain  open  around  the 
clock  during  relocation. 

* Where  appropriate,  host  area  pipeline 
teroinals  should  he  used  to  advantage 
in  diverting  flow  of  motor  fuel. 

1 lot  lowing  relocation,  deliveries  to 
bulk  terminals  4 gasoline  stations 
will  be  stepped  up  to  wert  relocated 
demand  4 to  develop  fuel  stockpiles 
in  less  vulnerable  locales. 

' Stations  should  observe  rationing  con- 
trols, odd, 'even  reg  ilat ion* , 4 any 
purchase  restrictions  established 
nationally  hi  fore  4 after  lelmatlon. 

Const  i m t expedient  fuel  storage 
facilities  where  necessary. 
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This  study  extends  previous  research  into  the  transportation 
implications  of  a crisis  relocation  by  (1)  investigating  the 
effects  of  a nuclear  attack  on  the  reconfigured  transportation 
system  and  the  relocated  population,  (2)  identifying  and  eval- 
uating alternative  means  of  providing  transportation  system 
support  to  the  relocated  survivors  of  such  an  attack,  and 
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.£3)  reviewing  existing  relocation  guidance  in  the  light  of  probable 
postattack  consequences.  This  research  evaluates  the  problem  of 
providing  transportation  system  support  following  both  a relocation 
effort  and  a nuclear  attack,  and  systematically  proposes  and  eval- 
uates  alternative  solutions  to  this  problem.  Where  applicable,  the 
proposed  solutions  are  examined  in  detail  in  a case  study  of  Color- 
ado Springs,  Colorado.  . 

\ 

The  study  addresses  the  principal  components  of  the  transportation 
system:  vehicles,  road  and  rail  networks,  and  fuel.  More  than 
enough  vehicles  are  expected  to  survive  an  attack  to  meet  essential 
transportation  needs,  although  problems  of  organization  and  coor- 
dination can  be  anti cipated. u Key  highway  links  will  be  cut  in 
every  major  city.  In  most  instances,  detour  routes  will  survive, 
although  their  use  will  increase  postattack  travel  distances  by 
as  much  as  40  percent.  The  nationwide  network  of  truckstops  is 
relatively  invulnerable  to  a population-based  attack,  and  is 
expected  to  be  a valuable  resource  during  and  after  an  evacuation. 
Damage  and  debris  will  cause  considerable  curtailment  of  rail  ser- 
vice in  the  immediate  postattack  period,  and  a greater  share  of 
the  nation's  cargo  will  initially  be  carried  by  the  more  flexible 
trucking  system. 

Severe  fuel  shortages  can  be  anticipated  following  a nuclear  attack, 
and  these  shortages  will  be  more  critical  than  either  vehicle  losses 
or  road  and  rail  network  damage  in  constraining  postattack  movement. 
However,  there  should  be  sufficient  fuel  to  support  the  movement 
of  food  and  other  essential  commodities  if  it^  use  is  carefully 
control  led. 

On  the  basis  of  the  case  study,  the  transportation  elements  of 
prototype  crisis  relocation  plans  for  the  State  of  Colorado,  the 
Colorado  Springs  area,  and  a representative  reception  area 
(Fremont  County,  Colorado)  have  been  revised  and  updated  to  reflect 
postattack  concerns.  Guidelines  for  state  and  local  relocation 
planners  in  other  areas  have  been  similarly  updated. 
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PREFACE 


This  report  was  prepared  as  part  of  a series  of  concurrent  studies 
undertaken  by  the  Defense  Civil  Preparedness  Agency  to  investigate  the 
potential  planning  and  implementation  problems  associated  with  a crisis 
relocation  strategy  designed  to  transfer  populations  from  high-risk 
areas  during  periods  of  severe  international  crisis.  The  report  was 
prepared  under  Contract  DCPA01-76-C-031 7,  and  addresses  the  problems 
incurred  in  providing  transportation  support  to  survivors  of  a nuclear 
attack  preceded  by  a crisis  relocation.  The  research  described  in  the 
report  was  accomplished  over  a one  and  one-half  year  period  in  the  Los 
Altos,  California  offices  of  SYSTAN,  Inc.  under  the  direction  of  Dr.  John 
W.  Billheimer,  with  assistance  from  Mr.  Arthur  Simpson  and  Ms.  Gail 
Fondahl.  Mr.  Simpson  was  responsible  for  assembling  information  on 
the  existing  road,  rail  and  fuel  distribution  networks,  and  assessing 
nuclear  attack  damage  at  national  and  local  levels.  Ms.  Fondahl  helped 
to  assemble  and  interpret  data  on  road  networks,  and  developed  simplified 
procedures  for  computing  transportation  stress.  Mr.  Ed  Slibeck  of  the 
National  Transportation  Fueling  Corporation  provided  invaluable  infor- 
mation on  truckstops,  while  Ms.  Carole  Parker  organized  and  edited  the 
final  report. 

In  serving  as  technical  monitor  on  the  project,  Mr.  Steve  Birmingham 
of  DCPA  provided  technical  guidance  throughout  the  investigation,  and 
helped  to  establish  convenient  avenues  of  liaison  with  concurrent  crisis 
relocation  studies.  At  the  national  level,  Mr.  George  Van  den  Berghe  and 
Mr.  Hanford  Edsall  of  DCPA  also  supplied  useful  guidance,  while  Mr.  Frank 
Mollner  of  DCPA  Region  VI  provided  valuable  background  information  on  the 
Colorado  Springs  Study  Area. 

This  research  on  "Postattack  Impacts  of  the  Crisis  Relocation  Strategy 
on  Transportation  Systems"  is  reported  in  four  volumes: 


Volume  I: 
Volume  II: 
Volume  III 
Volume  IV: 


Analysis  and  Case  Study 

Revised  Planning  Guidelines 

The  Role  of  Truckstops  in  Crisis  Relocation 

Prototype  Plans  for  State  of  Colorado, 

El  Paso  County  and  Fremont  County  (limited  distribution) 
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SUMMARY 


imfl.gu£Tj(iH 

Research  undertaken  in  the  mid-1900's  assessed  the  effects  of 
nuclear  attack  on  components  of  the  national  transportation  network 
under  a strategy  of  in-place  protection.  More  recent  investigations 
have  studied  alternative  strategies  for  transporting  people  and  critical 
commodities  from  areas  of  high  risk  in  anticipation  of  a nuclear  attack. 
The  current  study  extends  the  previous  research  by  (1)  investigating  the 
effects  of  a nuclear  attack  on  the  reconfigured  transportation  system 
and  the  relocated  population  following  an  evacuation  of  high-risk  areas, 

(2)  identifying  and  evaluating  alternative  means  of  providing  transpor- 
tation system  support  to  the  relocated  survivors  of  such  an  attack,  and 

(3)  reviewing  existing  relocation  guidance  in  the  light  of  probable 
postattack  consequences.  This  research  evaluates  the  problem  of  provid- 
ing transportation  system  support  following  both  a relocation  effort  and 
a nuclear  attack,  and  systematically  proposes  and  evaluates  alternative 
solutions  to  this  problem.  Where  applicable,  the  proposed  solutions  are 
examined  in  detail  in  a case  study  of  Colorado  Springs,  Colorado. 


PAST  RESEARCH 

Impacts  of  Crisis  Relocation  on  1 ranspor tat i oil  Systems 

Past  studies  have  identified  no  potential  transportation  problems 
severe  enough  to  render  a crisis  relocation  strategy  unworkable.  The 
nationwide  availability  of  vehicles  fai  exceeds  the  anticipated  demand, 
so  that  the  chief  limitations  to  the  effective  use  of  these  vehicles  are 
likely  to  be  administrative  problems  of  organisation  and  deployment. 

The  capability  of  local  road  networks  will  be  stretched,  particularly  on 
the  first  day  of  relocation,  but  careful  planning  and  scheduling  coupled 
with  the  continuous  monitoring  and  broadcasting  of  traffic  conditions 
should  enable  these  networks  to  handle  the  load  in  most  U.S.  cities. 

Since  the  demand  for  motor  fuel  during  and  after  relocation  is  not 
likely  to  exceed  normal  demand,  the  chief  fuel  problem  will  be  one  of 
redirecting  the  flow  of  gasoline  from  risk  areas  to  host  areas,  so  that 
supplies  are  available  where  they  are  needed  and  reserves  may  be  built 
up  in  relatively  invulnerable  locations. 

Past  Postattack  Research 

Earlier  studies  of  transportation  system  vul nerabi 1 i ty  under  a 
strategy  of  in-place  protection  have  indicated  that  the  surviving  aggre- 
gate inventories  of  critical  transportation  equipment,  roadways,  classi- 
fication centers,  and  personnel  will  be  more  than  adequate  for  the 
delivery  of  food  and  other  essential  goods  and  services.  These  studies 
indicate  that  damage  to  the  U.S.  fuel  supply  system  would  be  relatively 
heavy,  and  that  regional  fuel  imbalances  could  be  a serious  postattack 
problem. 


vehicle  Movement  and  fuel  stockpiling  accompanying  the  relocation  strat- 
egy will  render  both  of  these  elements  less  vulnerable  to  nuclear 
attack.  However,  the  survival  of  additional  people  in  areas  removed 
from  traditional  distribution  centers  can  be  expected  to  intensify  the 
stress  imposed  on  the  damaged  transportation  system.  Although  the  relo- 
cation itself  will  have  no  impact  on  the  vulnerability  of  such  fixed 
elements  as  the  road  network  or  fuel  refineries,  demands  on  these 
elements  in  the  postattack  period  will  be  greatly  affected  by  the  relo- 
cation strategy.  Damaged  roadways  will  increase  the  transportation 
distances  covered  in  providing  critical  supplies,  and  this  additional 
distance,  coupled  with  the  survival  of  additional  population,  will 
create  increased  demands  on  surviving  fuel  refineries. 


DAMAGE  ASSESSMENT  ANALYSIS 

Under  a crisis  relocation  strategy,  approximately  98  percent  of  the 
Colorado  Springs  risk  and  host  area  population  is  expected  to  survive  a 
nuclear  attack.  The  comparable  nationwide  figure  is  90  percent 
survival.  These  survivors  will  impose  demands  on  three  principal  compo- 
nents of  the  national  and  local  transportation  system:  vehicles,  road 
and  rail  networks,  and  fuel. 

Vehicle  Survival 

Vehicle  availability  is  not  expected  to  be  a limiting  factor  on  the 
movement  of  goods  and  people  following  an  attack.  In  Colorado  Springs, 
more  than  twice  as  many  trucks,  buses  and  locomotives  will  survive  an 
attack  following  a crisis  relocation  strategy  as  are  likely  to  survive 
under  a strategy  of  in-place  protection.  To  the  extent  possible,  such 
critical  vehicles  as  debris-removal  equipment,  switching  locomotives, 
and  dump  trucks  should  be  moved  to  the  host  area  as  part  of  the  reloca- 
tion effort,  along  with  a supply  of  spare  parts  and  maintenance  manuals 
for  all  vehicles. 

The  most  critical  problem  with  transpor tat  ion  equipment  under  a 
crisis  relocation  strategy  is  likely  to  be  one  of  organization  and  coor- 
dination. This  is  expected  to  be  especially  true  following  an  attack. 
Although  the  surviving  vehicle  supply  is  expected  to  be  more  than 
adequate  for  carrying  essential  supplies,  clear  lines  of  authority  and 
advance  planning  will  be  needed  to  ensure  that  the  vehicles  are  in  the 
right  place  at  the  right  time  with  the  right  orders. 
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Rgatf  and  Ra.i  L Network  Survival  . 


Road  Network.  Key  highway  links  were  cut  in  every  major  city 
targeted  in  the  postulated  attack.  Although  past  studies  have  deter- 
mined that  detour  routings  could  be  found  around  every  damaged  link,  the 
current  investigation  estimated  that  such  detours  would  increase  travel 
times  by  factors  ranging  from  22  to  38  percent.  Precise  nationwide 
estimates  of  postattack  travel  distances  and  demands  would  require  a 
model  of  nationwide  commodity  movement  over  the  existing  road  network. 
Such  a model  was  beyond  the  scope  of  the  current  study,  but  should  be 
incorporated  in  future  reserach  efforts  as  a basis  for  assessing  postat- 
tack travel  distances,  vehicle  requirements,  and  fuel  consumption. 

Truckstops.  In  the  two  decades  since  they  became  a prominent  part 
of  the  intercity  transportation  picture,  the  more  than  3,000  truckstops 
located  along  the  nation's  highway  system  have  proven  themselves  to  be 
an  invaluable  source  of  emergency  assistance  to  travelers  and  commercial 
truckers  in  natural  disasters.  Nearly  71)  percent  ol  these  truckstops 
would  survive  a nuclear  attack.  The  relative  invulnerability  of  truck- 
stops  to  nuclear  attack,  coupled  with  their  importance  in  the  day-to-day 
movement  of  intercity  cargo  make  them  a valuable  resource  in  any  crisis 
relocation  plan.  A companion  report  discusses  the  role  of  truckstops  as 
traffic  control  centers  under  crisis  relocation  conditions.  In  addition 
to  their  traditional  roles  as  fueling  points,  these  control  centers 
would  also  act  as;  (1)  checkpoints  for  rerouting  or  reassignment  of 
essential  shipments;  (2)  interim  consignment  points  for  non-essential 
shipments;  (3)  relay  points  lor  drivers;  (•!)  coordination  and  reassign- 
ment points  for  cabs  and  drivers:  and  (5)  central  assignment  points  for 
mechanics.  To  make  maximum  use  of  truckstops  as  an  emergency  resource, 
an  attempt  should  be  made  to  form  a voluntary  organization  of  truckstop 
owners  capable  of  providing  an  emergency  fueling  capability  for  vehicles 
and  havens  of  rescue  for  drivers  and  passengers  in  times  of  crisis. 

Rail  Network.  If  a nuclear  attack  were  to  occur,  the  nation's  rail 
network  would  suffer  heavy  damage,  with  “11  percent  of  the  classification 
yards  and  53  percent  of  the  repair  shops  surviving.  It  appears  that  the 
rail  system  could  be  30  to  50  percent  operational,  but  with  reduced 
efficiency,  within  30  days  after  the  postulated  attack.  In  general, 
damage  and  debris  will  cause  considerable  curtailment  of  rail  service  in 
the  immediate  postattack  period,  and  a greater  share  of  the  nation's 
cargo  will  initially  be  carried  by  the  more  flexible  trucking  system. 

In  planning  for  postattack  rail  movement,  key  host-area  terminals 
which  could  be  used  as  control  centers  in  time  of  crisis  should  be  iden- 
tified in  the  preattack  period,  and  plans  for  the  expansion  and  use  of 
these  terminals  should  be  incorporated  in  appropriate  crisis  relocation 
planning  documents.  This  has  been  accomplished  for  the  Colorado  Springs 
risk  area.  During  the  crisis  relocation  period,  emergency  power-gener- 
ating equipment  should  be  moved  to  these  terminals,  and  rail  panels  for 
repairing  track  damage  should  be  loaded  on  flatcars  and  spotted  on 
sidings  at  various  locations  in  the  host  area. 
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An  analysis  of  the  damage  to  U.S.  and  Colorado  petroleum  production 
and  distribution  facilities  indicates  that  severe  fuel  shortages  uould 
probably  follow  a nuclear  attack.  The  destruction  of  national  and  local 
refineries,  storage  facilities,  and  pipelines  uould  necessitate  changing 
patterns  of  distribution  and  strict  fuel  use  controls. 

The  tuo  largest  refineries  located  in  Colorado  and  all  Oenver  pipe- 
line terminals  uould  be  severely  damaged  by  the  postulated  attack,  and 
uould  not  be  operational  in  the  first  postattack  year.  Nonetheless,  up 
to  60  percent  of  Colorado's  preattack  fuel  supply  could  be  transported 
by  truck  from  undamaged  supply  points  in  Uyoming  and  Texas.  At  the 
national  level,  houever,  only  30  percent  of  U.S.  refinery  and  storage 
capacity  is  expected  to  survive  the  postulated  attack;  therefore,  it  is 
anticipated  that  federal  reallocations  uill  effectively  cut  Colorado's 
fuel  supply  to  30  percent  of  preattack  levels. 

Follouing  a crisis  relocation  prior  to  an  attack,  fuel  requirements 
are  expected  to  drop  to  between  35  and  40  percent  of  normal  daily  usage. 
As  the  nation's  production  capacity  will  far  exceed  consumption  rates 
during  this  period,  excess  supplies  should  be  stockpiled  in  host  area 
storage  tanks  to  alleviate  anticipated  postattack  shortages.  Rigid 
control  and  conservation  measures  such  as  rationing,  vehicle  impound- 
ment, and  restriction  of  unnecessary  cargo  shipments  uill  be  necessary 
follouing  an  attack.  Introduction  of  these  measures  during  the  reloca- 
tion period  uill  allow  these  procedures  to  be  tested  under  somewhat  less 
harrowing  ireumstances  and  increase  the  supply  of  fuel  available  for 
stockpiling.  Critical  petroleum  production  and  distribution  facilities 
on  the  fringes  of  anticipated  target  areas  should  be  protected  uith 
sandbags,  steel  mesh,  and  earth  embankments  during  the  relocation 
period. 

The  available  fuel  supply  uill  be  the  constraining  element  in  the 
postattack  management  of  the  transportation  system.  In  this  regard, 
fuel  shortages  will  be  more  critical  than  either  vehicle  losses  or  road 
damage.  However,  there  should  be  sufficient  fuel  to  support  the  move- 
ment of  food  and  other  essential  commodities  if  its  use  is  carefully 
control  led . 


ANALYSIS  OF  AN  EXTENDED  CRISIS  SITUATION 

If  the  initial  crisis  relocation  is  not  followed  by  an  attack  or  a 
cessation  of  hostilities,  an  extended  relocation  may  result  in  which 
risk  area  residents  remain  for  relatively  long  periods  of  time  within 
the  host  area.  In  the  event  such  an  extended  relocation  period  occurs, 
several  adjustments  might  be  made  in  the  relocation  posture.  For  exam- 
ple. the  number  of  critical  industries  and  commuting  workers  might  be 
increased,  while  some  non-critical  activities  may  be  transplanted  from 
the  risk  to  the  host  area  and  restarted  for  the  duration  of  the  extended 
relocation  period.  At  the  same  time,  stockpiles  of  critical  commodities 
could  be  amassed  in  the  host  area.  Such  adjustments  could  have  poten- 
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tially  large  impacts  on  the  transportation  network  and  fuel  supply 
system.  As  part  of  the  current  investigation,  a range  of  adjustments 
associated  with  an  extended  relocation  period  was  postulated,  the  trans- 
portation impacts  of  these  adjustments  were  quantified,  and  alternatives 
for  providing  transportation  support  throughout  the  extended  period  were 
proposed  and  evaluated. 

Analysis  of  the  extended  crisis  situation  in  Colorado  Springs  indi-  j 

cated  that  none  of  the  anticipated  adjustments  generated  excessive 
transportation  or  fuel  support  requirements.  An  extended  crisis  period 
would  provide  additional  time  to  stockpile  fuel  supplies  in  the  host 
area,  and  it  is  strongly  recommended  that  such  a stockpiling  strategy  be 
followed.  In  Colorado  Springs,  secondary  bulk  storage  facilities  and 
gasoline  station  storage  tanks  would  be  filled  to  capacity  in  a little 
more  than  one  week  following  the  completion  of  relocation.  It  is 
likely,  then,  that  a strategy  of  fuel  stockpiling  under  extended  crisis 
conditions  will  require  the  creation  of  additional  fuel  storage  capabil- 
ity in  host  areas.  Construction  of  traditional  bulk  storage  facilities 
would  require  several  months.  Possible  alternatives  for  providing  such 
additional  storage  in  a shorter  time  period  include: 

- Filling  the  tanks  of  impounded  automobiles; 

- Building  expedient  storage  facilities  using 
collapseable  rubber-plastic  containers  in 
earthern  embankments;  and 

- Using  underground  storage. 

In  addition  to  fuel,  food  supplies  such  as  dried  milk,  canned  meat 
products,  and  raw  grain  likely  to  be  in  short  supply  or  geographically 
inaccessible  following  an  attack  should  be  stockpiled  in  host  areas 
under  extended  crisis  conditions. 


The  results  of  the  postattack  research  on  the  Colorado  Springs  study 
area  have  been  reviewed  in  light  of  the  current  guidance  for  crisis 
relocation  planning.  As  a result  of  this  review,  it  appears  that  the 
basic  strategy  proposed  for  providing  transportation  under  crisis  relo- 
cation conditions  is  sound,  although  certain  changes  and  additions  are 
recommended.  The  analysis  accompanying  the  damage  assessment  and  evalu- 


ation procedures  brought  to  light  several  elements  which  should  be 
included  in  the  crisis  relocation  guidance  issued  by  the  federal  govern- 
ment and  in  the  crisis  relocation  plans  for  specific  areas.  These 
elements  include: 

1.  Provision  for  moving  critical  vehicles  (such  as  switch  engines 
and  debris-removal  equipment)  out  of  risk  areas  where  possi- 
ble, and  assembling  parts  inventories  within  the  host  areas; 
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2.  Guidelines  for  identifying  key  host  area  railyards  and  plan- 
ning for  their  expansion; 

3.  Guidelines  for  preparing  a list  of  critical  pipeline  repair 
facilities  and  plans  to  protect  them; 

4.  Provision  for  stockpiling  fuel  as  soon  as  possible  during 
crisis  relocation,  for  constructing  expedient  bulk  storage 
facilities  within  the  host  area,  and  for  supporting  plans  for 
peacetime  crude  stockpiles  and  research  into  expedient  storage 
structures  and  product  storage;  and 

5.  Provision  for  identifying  key  host-  and  risk-area  truckstops, 
outlining  the  role  of  these  truckstops  under  crisis  relocation 
conditions,  and  forming  a peacetime  organization  of  truckstop 
owners. 

i 

These  elements,  along  with  general  postattack  guidance  for  transpor- 
tation system  management,  have  been  incorporated  in  prototype  crisis 
relocation  plans  for  the  State  of  Colorado,  the  risk  area  of  El  Paso 
County,  and  a sample  host  area,  Fremont  County.  Guidelines  for  state 
and  local  relocation  planners  have  been  updated  to  reflect  these 
elements,  as  well  as  other  concerns  identified  in  extensive  interviews 
with  planners  and  industry  personnel.  A summary  of  the  revised  guide- 
lines appears  in  the  accompanying  exhibit. 
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EXHIBIT  S.l 

RECOMMENDED  GUIDELINES  FOR  TRANSPORTATION 


SUPPORT  OF  THE  CRISIS  RELOCATION  STRATEGY 
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1.  INTRODUCTION 


1 . 1 BACKGROUND 

The  all-hazard,  al 1 -contingency  civil  preparedness  program  non 
under  study  by  the  Defense  Civil  Preparedness  Agency  (DCPA)  recognizes 
two  basic  strategies  for  protecting  populations  threatened  by  major 
hazards : 

One  is  to  provide  the  best  protection  possible  uith  the  population 
essentially  in  place,  at  or  near  their  homes,  schools,  and  places 
of  work.  The  second  is  for  people  to  leave  the  threatened  area  if 
time  allows  (Reference  23). 

While  the  strategy  of  protection  in  place  remains  the  primary  strategy 
for  defense  under  nuclear  attack  conditions,  the  all-hazard,  all-contin- 
gency civil  preparedness  program  recognizes  the  need  to  plan  for  the 
contingency  of  relocating  the  population  from  high-risk  areas  during 
periods  of  severe  international  crisis.  Four  primary  arguments  support 
the  need  to  plan  for  crisis  relocation: 

- It  is  probable  that  a nuclear  attack  upon  the  United  States  will 
be  preceded  by  a crisis  build-up  of  sufficient  duration  to  permit 
population  relocation  from  high-risk  areas. 

- If  an  adversary's  cities  were  to  be  evacuated  during  a period  of 
crisis,  U.S.  cities  should  also  be  evacuated. 

- It  is  likely  that  many  citizens  will  leave  large  cities  in  the 
face  of  crisis  in  a "spontaneous  evacuation,"  whether  or  not  they 
are  advised  to  do  so. 

- Crisis  relocation  has  been  proven  feasible  in  recent  large-scale 
evacuations  in  the  face  of  hurricane  warnings. 

The  movement  of  large  masses  of  population  in  advance  of  a threat- 
ened attack  will  severely  test  national  and  local  transportation 
resources.  Plans  for  evacuating  populations,  maintaining  essential 
governmental  and  private  services,  and  transporting  critical  workers  all 
hinge  upon  the  availability,  maintenance,  and  control  of  the  nation's 
fuel  resources,  transportation  fleet,  and  road  and  rail  networks.  Past 
research  undertaken  by  SYSTAN  has  assessed  the  transportation  require- 
ments accompanying  crisis  relocation;  identified  existing  levels  of 
vehicle  availability,  roadway  capacity,  and  fuel  supply  in  the  nation's 
transportation  system;  identified  potential  bottlenecks  resulting  from 
an  inability  of  the  system  inventory  to  support  CRP  requirements;  inves- 
tigated methods  of  upgrading  system  performance  under  conditions  of 
crisis  relocation;  and  developed  guidelines  for  providing  transportation 
support  for  the  crisis  relocation  strategy. 
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The  current  study  extends  the  previous  research  by  Cl) 
investigating  the  effects  of  a nuclear  attack  on  the  reconfigured  trans- 
portation system  and  the  relocated  population,  (2)  identifying  and  eval- 
uating alternative  means  of  providing  transportation  system  support 
following  such  an  attack,  and  (3)  reviewing  existing  relocation  guidance 
in  the  light  of  probable  postattack  consequences.  This  research  evalu- 
ates the  problem  of  providing  transportation  system  support  following  a 
nuclear  attack,  and  systema t i ca 1 1 y proposes  and  evaluates  alternative 
solutions  to  this  problem.  Where  applicable,  the  proposed  solutions  are 
examined  in  detail  in  a case  study  of  Colorado  Springs,  Colorado. 


1.2  OBJECTIVES  AND  APPROACH 

The  objectives  of  this  research  under  Contract  No. 

DCPAO 1-76-C-031 7,  as  modified,  are: 

"...to  conduct  an  analysis  and  evaluation  of  previously-completed 
postattack  transportation  studies  for  their  relevance  to  the  impact 
on  CRP.  Since  the  disposition  of  transportation  equipment  will  be 
affected  by  crisis  relocation,  changes  from  previous  studies  in  the 
postattack  state  of  the  transportation  system  will  be  noted  and 
analyzed.  In  addition  to  the  foregoing,  it  will  determine  the 
readjustments  likely  to  be  made  in  CRP,  and  their  impact  on  the 
transportation  system,  resulting  from  an  extended  (i.e.,  greater 
than  two  weeks)  crisis  relocation.  An  evaluation  of  readjustments 
with  potentially  large  transportation  impacts  will  include,  but  not 
be  limited  to,  an  increase  in  the  number  of  critical  industries  and 
commuting  workers,  and  the  restarting  of  some  non-critical  activi- 
ties by  diverting  them  from  rick  to  host  areas.  The  method  of 
approach  shall  be  composed  of  the  following  seven  tasks: 

Task  Number 

1.  Prepare  Work  Man 

2.  Analyze  the  Postattack  Situation 

(a)  Review  Existing  Postattack  Studies 

(b)  Assess  Local  and  Regional  System  Damage 

(c)  Quantify  Transportation  Requirements 

td)  Identify  and  Evaluate  Postattack  Alternatives 

3.  Analyze  Extended  Crisis  Situation 

4.  Analyze  Post-Crisis  Return 

(a)  Based  on  the  results  of  the  above  tasks, 
develop  (1)  a comprehensive,  consolidated 
inventory  of  U.S.  truckstop  locations  and 
their  facilities,  and  (2)  an  assessment 
of  their  potential  roles  in  crisis 
relocation. 

5.  Formulate  Guidelines 

6.  Develop  Prototype  Plans 
(a)  Field  test  prototype  plans  including 

truckstop  utilization  approaches 
developed  in  Task  4a  above. 

Prepare  Final  Report" 
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The  general  objectives  of  the  research  and  the  Task  2 analyses  of 
the  postattack  situation  are  described  in  Chapters  2,  3 and  4 of  Volume 
I.  The  Work  Plan  (Task  1)  was  developed  and  reviewed  separately,  and  is 
summarized  in  Chapter  1 of  Volume  [.  The  analyses  of  the  extended 
crisis  situation  (Task  3)  and  the  post-crisis  return  (Task  4)  are 
reported  in  Chapters  5 and  6 of  Volume  1.  The  inventory  of  truckstops 
and  their  potential  roles  (Task  4a)  is  the  subject  of  Volume  III. 

Volume  II  contains  the  planning  guidelines  formulated  as  part  of  Task  5, 
while  Volume  IV  contains  the  prototype  plans  developed  in  Task  G.  The 
field-testing  of  prototype  plans  and  guidelines  (Task  6a)  is  the  subject 
of  Chapter  7 of  Volume  I.  The  indicated  four  volumes  are  the  final 
report  (Task  7)  of  the  contract  statement  of  work. 


1.3  ££SE I 

Local  transportation  impacts  have  been  addressed  through  a detailed 
investigation  of  the  study  area  of  Colorado  Springs.  All  elements  of 
the  Colorado  transportation  system  have  been  investigated,  including 
network  capacities,  fuel  supplies  and  sources,  and  vehicle  inventories. 
The  detailed  investigation  of  the  Colorado  Springs  area  was  further 
extended  to  include  all  critical  supply  lines  entering  and  leaving  the 
study  area  during  the  crisis  relocation  and  postattack  periods.  Thus, 
fuel  supplies  for  Colorado  Springs  were  traced  to  their  regional  or 
national  sources,  and  the  problems  of  keeping  the  fuel  supply  lines  open 
following  an  attack  were  investigated. 

As  part  of  the  investigation  of  potential  postattack  transportation 
bottlenecks,  postattack  damage  assessments  were  undertaken  for  the 
region  comprising  the  Colorado  Springs  study  area  and  for  critical 
sources  supplying  that  area.  However,  no  elaborate  nationwide'  damage 
assessments  were  undertaken;  rather,  the  study  relied  on  published 
results  of  current  and  past  nationwide  investigations  of  nuclear  attack 
effects.  To  the  extent  that  local  requirements  and  resource  availabil- 
ity are  affected  by  nationwide  shortages,  then,  the  current  study  is 
entirely  dependent  upon  the  results  of  other  research  efforts. 


Past  investigations  into  the  problem  of  providing  emergency  trans- 
portation in  the  face  of  nuclear  attack  can  be  divided  into  two  distinct 
bodies  of  research.  In  recent  years,  SYSTAN  and  other  investigators 
have  investigated  alternative  strategies  for  transporting  people  and 
critical  commodities  from  areas  of  high  risk  in  anticipation  of  a 
nuclear  attack  (References  6,  27  and  28).  This  work  has  focused  almost 
entirely  on  the  preattack  impacts  of  the  crisis  relocation  strategy. 
Prior  to  the  current  study,  little  work  had  been  done  to  assess  the 
postattack  implications  of  the  crisis  relocation  strategy  on  transporta- 
tion systems. 


Another  body  of  research,  undertaken  primarily  at  Stanford  Research 
Institute  (SRI)  in  the  mid-1960's,  investigated  the  effects  of  nuclear 
attack  on  various  components  of  the  national  transportation  network 
under  an  in-place  protection  strategy  (References  7,  11  and  1*1).  This 
work  focused  primarily  on  the  relative  vulnerability  of  each  component 
of  the  network,  but  did  not  anticipate  the  significant  alterations  in 
the  location  and  vulnerability  of  those  components  that  would  accompany 
a massive  evacuation  strategy. 


1.4.1 


Bet>fgr.K 


Recent  research  of  SYSTAN  on  the  Impacts  of  the  Crisis  Relocation 
Strategy  on  Transportation  Systems  (Reference  6)  has  focused  on  the 
three  principal  components  of  the  transportation  system:  vehicles; 
networks;  and  fuel.  The  current  status  of  the  system  in  the  light  of 
each  of  these  components  has  been  surveyed,  crisis  relocation  require- 
ments have  been  estimated,  potential  bottlenecks  have  been  identified, 
and  alternative  courses  of  preattack  action  have  been  proposed  and  eval- 
uated. The  findings  of  these  investigations  are  summarized  below  in 
Exhibit  1.1: 

EXHIBIT  1.1 

SUMMARY  OF  FINDINGS:  IMPACTS  OF  CRISIS 
RELOCATION  STRATEGY  ON  TRANSPORTATION  SYSTEMS 


E 1 ement 


Vehicles 


Situation  Summary 

Availability  far  exceeds 
demand  in  most  areas  of 
United  States. 


Key  Actions  Needed 


Organization  and  deployment 


Road  capacity 


Local  bottlenecks  anti- 
cipated in  most  areas; 
severe  problems  in 
northeastern  U.S. 


Preliminary  planning  and 
scheduling  along  with 
continuous  monitoring 
and  broadcasting  of 
traffic  conditions. 


Demand  during  and 
after  relocation  is 
less  than  normal 
demand . 


Redirection  of  flow  from 
risk  to  host  areas. 


Past  studies  have  identified  no  potential  transportation  problems  severe 
enough  to  render  a crisis  relocation  strategy  unworkable.  The  nation- 
wide availability  of  vehicles  far  exceeds  the  anticipated  demand,  so 
that  the  chief  limitations  to  the  effective  use  of  these  vehicles  are 
likely  to  be  administrative  problems  of  organization  and  deployment. 

The  capability  of  local  road  networks  will  be  stretched,  particularly  on 
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the  first  day  of  relocation,  but  careful  planning  and  scheduling  coupled 
with  the  continuous  monitoring  and  broadcasting  of  traffic  conditions 
should  enable  these  networks  to  handle  the  load  in  most  U.S.  cities. 

Since  the  demand  for  motor  fuel  during  and  after  relocation  is  not 
likely  to  exceed  normal  demand,  the  chief  fuel  problem  will  be  one  of 
redirecting  the  flow  of  gasoline  from  risk  areas  to  host  areas,  so  that 
supplies  are  available  where  they  are  needed  and  reserves  may  be  built 
up  in  relatively  invulnerable  locations. 

These  findings  assume  that  all  cities  of  50,000  and  over  will  be 
evacuated  and  that  all  cities  of  less  than  50,000  will  serve  as  host 
communities.  Changes  in  these  assumptions  would  affect  the  transport 
distances  involved  and  require  additional  research. 


1.4.2  Past  Postattack  Research 

Past  research  into  the  problems  of  providing  transportation  system 
support  during  the  postattack  period  lias  focused  almost  exclusively  on 
the  existing  t ranspor ta t i on  system,  assuming  in-place  protection  rather 
than  a crisis  relocation  strategy.  Over  a period  of  years  in  the 
mid-to-late  I960*s.  SRI  carried  out  a program  of  investigation  into  all 
phases  of  postattack  t r anspor ta t i on  requirements.  The  SRI  investigation 
estimated  surviving  inventories  of  equipment  and  supplies,  personnel, 
transport  networks,  fuel  and  other  inputs  on  a nationwide  basis  for  the 
major  transport  modes.  While  damage  to  rail  and  highway  transport 
systems  resulting  from  an  attack  would  be  considerable,  SRI  researchers 
(References  7,  8,  11)  concluded  that  "the  surviving  aggregate  invento- 
ries of  such  items  as  motor  trucks,  locomotives,  railroad  classification 
yards,  and  experienced  workers  appeared  to  be  more  than  adequate  for 
deliveries  of  food  and  other  essentials"  (Reference  8).  These  research- 
ers indicated,  however,  that  the  survivability  of  the  transportation 
system  components  varied  considerably. 


1.4.2. 1 Vehicles. 

In  reviewing  the  earlier  studies,  Nnmberg  (Reference  5)  has  indi- 
cated that  approximately  50%  of  the  freight-cars  and  locomotives  and  35% 
of  railway  passenger-cars  were  estimated  to  survive  on  a national  basis. 
About  64%  of  the  trucks  were  estimated  to  remain  operational.  Data  for 
automobiles  were  not  available. 


1.4. 2. 2 Roads  and  Railroads. 

Earlier  researchers  have  concluded  that  damage  to  roads  on  a 
national  basis  is  not  expected  to  be  so  great  os  to  substantially  reduce 
motor  transport  operations,  indicating  that  detours  could  usually  be 
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made  to  avoid  damaged  road  sections.  There  may  be  substantial  damage  to 
bridges,  houever.  It  is  expected  that  between  35J{  and  55/5  of  the  rail- 
road would  remain  undamaged.  According  to  the  referenced  studies,  the 
specific  percentage  of  preattack  facilities  inventory  expected  to 
survive  is;  classification  yards,  4155;  switching,  3754;  and  railroad 
repair  shops,  53X. 

Hamberg  points  out,  however,  that  these  transportation  component 
survival  rates  do  not  take  into  account  the  early  effects  of  fallout. 
"....These  effects  would  in  most  cases  substantially  reduce  the  capabil- 
ities during  the  first  and  second  week  after  the  attack,  but  on  the 
whole,  one  could  infer  that  transportation  systems  are  likely  to  survive 
fairly  well.  This  conclusion  might  be  dangerously  incorrect  for  two 
reasons;  first,  the  attacks  considered  did  not  target  specifically  any 
parts  of  the  transport  system  and,  second,  the  aggregated  results  do  not 
reflect  what  happened  at  critical  points  within  the  system"  (Reference 
5).  At  the  national  level,  previous  studies  (References  7 and  11)  have 
determined  that,  for  the  range  of  attacks  studied,  major  rail  and  high- 
way links  were  cut  in  every  major  city  targeted.  In  most  cases, 
houever,  it  was  found  that  alternative  detour  routes  existed  around  the 
breaks. 

In  general,  it  was  concluded  that  cities  which  sustain  relatively 
heavy  damage  to  rail  facilities  could  expect  to  undergo  critical 
curtailment  of  rail  service  in  the  immediate  postattack  period  while  the 
surviving  aggregate  inventories  of  locomotives,  classification  yards, 
and  train  crews  are  fitted  back  together  into  an  operating  system.  In 
summary,  earlier  researchers  concluded  that,  due  to  their  greater  flexi- 
bility, motor  trucks  can  more  readily  meet  immediate  postattack  require- 
ments than  rail  transport. 

A significant  factor  identified  in  past  transportation  studies  is 
the  need  tor  adequate  preattack  planning  and  postattack  management  of 
the  nation's  transportation  resources.  The  capabilities  of  each  of  the 
systems  studied  are  very  sensitive  to  the  manner  in  which  equipment  is 
managed  in  time  of  stress.  Under  emergency  conditions,  decisions 
regarding  transportation  priorities,  detour  routings,  and  intermoda! 
transfers  will  be  critical,  and  the  need  for  detailed  advance  planning 
is  of  primary  importance  (Reference  8). 


1.4. 2. 3 Fuel. 

Previous  research  indicates  that  between  50)5  and  80X  of  the  U.S. 
crude  refining  capacity  would  be  destroyed  by  a nuclear  attack  (Refer- 
ences 16,  24,  25  and  26).  The  petroleum  industry  is  a highly  interre- 
lated system,  and  extremely  vulnerable  to  attack. 

Repair  of  the  damaged  petroleum  supply  system  will  probably  be 
slow.  The  dependence  of  petroleum  supply  on  such  system  components  as 
port  terminals,  pipelines,  railcars,  and  refineries  becomes  a liability 
in  time  of  nuclear  attack.  Damage  to  even  one  segment  u i I 1 delay 
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recovery  of  the  entire  system.  Stephens  (Reference  16)  points  out  that 
only  a few  weapons  can  reduce  refining  capability  to  a critical  point, 
and  recovery  of  operation  will  be  slow  due  to  a shortage  of  skilled 
labor,  heavy  equipment  and  materials.  Nevertheless,  it  is  clear  that 
top  priority  should  be  given  to  repair  of  this  critical  industry. 

In  the  event  of  a nuclear  attack,  regional  imbalance  could  also  be 
a major  problem.  If  a major  production  region  (for  example,  Louisiana) 
were  damaged  extensively,  the  amount  of  crude  oil,  natural  gas,  and 
petroleum  products  supplied  to  the  northern  and  Atlantic  Coastal  states 
would  be  critically  reduced  or  cut  off  entirely. 

Another  related  problem  pinpointed  by  earlier  studies  is  the 
limited  storage  capacity  available.  Few  if  any  areas  of  the  country  can 
sustain  themselves  if  major  crude  oil  supplies  are  interrupted,  or  if 
product  supply  or  delivery  is  slowed  or  stopped.  For  example,  a refin- 
ery can  operate  only  if  feedstock  is  supplied  and  if  product  movement 
out  of  the  plant  takes  place,  as  on-site  storage  is  limited. 


1.4. 2. 4 Summary  of  Previous  Postattack  Research. 

Earlier  studies  of  transportation  system  vulnerability  under  a strategy 
of  in-place  protection  have  indicated  that  the  surviving  aggregate 
inventories  of  critical  transportation  equipment,  roadways,  classifica- 
tion centers,  and  personnel  will  be  more  than  adequate  for  the  delivery 
of  food  and  other  essential  goods  and  services.  The  greater  flexibility 
of  trucks  suggests  that  truck  transport  might  be  effectively  substituted 
for  rail  transport  during  the  immediate  postattack  period.  It  war. 
determined  that  adequate  preattack  planning  and  management  are  critical 
to  the  successful  employment  of  surviving  transportation  resources  in 
the  immediate  postattack  period.  Earlier  studies  indicate  that  damage 
to  the  U.S.  fuel  supply  system  would  be  relatively  heavy,  with  the 
refinery  as  the  most  vulnerable  element.  However,  the  petroleum  indus- 
try is  a highly-interrelated  system,  and  damage  to  any  one  segment  could 
critically  affect  the  others.  This  contributes  to  relatively  long 
repair  times.  While  a pipeline  could  be  operational  within  a few  weeks, 
a refinery  may  require  a year  or  more  to  repair  depending  upon  the  type 
and  extent  of  damage  and  the  availability  of  resources.  In  the  event  of 
a nuclear  attack,  regional  fuel  imbalance  could  be  a serious  problem. 
Another  related  problem  pinpointed  by  earlier  research  is  the  limited 
storage  capacity  available  for  stockpiling  fuel  in  most  regions  of  the 
country. 


1-4.3  Imp! ications  of  Previous  Research 


A review  of  past  postattack  research  in  the  light  of  the  projected 
effects  of  a crisis  relocation  strategy  on  the  transportation  network 
indicates  that,  while  certain  potential  postattack  problems  may  be 
alleviated  by  a relocation  strategy,  other  problems  will  be  intensified. 
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The  extensive  vehicle  movement  and  fuel  stockpiling  accompanying  the 
relocation  strategy  will  render  both  of  these  elements  less  vulnerable 
to  nuclear  attack.  However,  the  survival  of  additional  people  in  areas 
removed  from  traditional  distribution  centers  can  be  expected  to  inten- 
sify the  stress  imposed  on  the  damaged  transportation  system.  Although 
the  relocation  itself  will  have  no  impact  on  the  vulnerability  of  such 
fixed  elements  as  the  road  network  or  fuel  refineries,  demands  on  these 
elements  in  the  postattack  period  will  be  greatly  affected  by  the  relo- 
cation strategy.  Damaged  roadways  will  increase  the  transportation 
distances  covered  in  providing  critical  supplies  and  this  additional 
distance,  coupled  with  the  survival  of  additional  population,  will 
create  increased  demands  on  surviving  fuel  refineries. 


1 . 5 Q.YE.F.Y.1LH  _QF  THE  COLORADO  SPRINGS  STUDY  ARE  A 

By  agreement  between  the  Colorado  Division  of  Military  Affairs  and 
the  U.S.  Defense  Civil  Preparedness  Agency,  the  urbanized  area  of  Colo- 
rado Springs  has  been  designated  as  a target  risk  area  in  the  event  of  a 
nuclear  attack  threat.  This  area  has  been  selected  for  detailed  study 
in  the  current  research  effort.  The  specific  area  designated  to  be  at 
risk  includes  the  urbanized  area  itself  and  the  portion  of  El  Paso 
County  directly  south  of  the  urbanized  area,  including  Cheyenne  Mountain 
and  the  Fort  Carson  Military  Reservation.  Those  portions  ol  El  Paso 
County  north,  east  and  west  of  the  city  limits  --  including  the  U.S.  Air 
Force  Academy  and  the  Pikes  Peak,  Monument  and  Elmore  areas  --  are 
judged  to  be  at  no  risk. 


1.5.1  LYacufttiPH.Ealtfcr.ris 

In  conjunction  with  .ocal  officials,  DCPA  representatives  have 
identified  lower-risk  areas  in  surrounding  counties  to  which  residents 
of  the  Colorado  Springs  area  might  be  evacuated  under  threat  of  nuclear 
attack.  Surrounding  counties  designated  as  host  counties  for  Colorado 
Springs  include  Alamosa.  Chaffee,  Fremont,  Gunnison,  la  Plata.  Saguache 
and  Teller.  In  addition,  some  rural  areas  of  El  Paso  County  will  be 
available  for  hosting  evacuees.  The  location  of  the  Colorado  Springs 
risk  and  host  areas  is  mapped  in  Exhibit  1.2,  which  also  identifies  the 
resident  population  and  the  number  of  evacuees  assigned  to  each  host 
county. 

In  addition  to  the  Colorado  Springs  area,  the  Denver  and  Pueblo 
areas  are  also  scheduled  for  crisis  relocation  in  the  event  of  a nuclear 
threat.  Host  counties  for  residents  evacuated  from  these  population 
centers  are  also  shown  in  Exhibit  1.2. 
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EXHIBIT  1.2 


Colorado  Risk  and  Host  Areas 
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Kev  Assumptions 

Several  of  the  key  assumptions  marie  in  developing  a crisis  reloca- 
tion plan  for  Colorado  Springs  are  listed  below.  These  assumptions  have 
been  condensed  from  a longer  list  of  premises  appearing  in  a preliminary 
crisis  relocation  plan  developed  for  the  Colorado  Springs  area  (Refer- 
ence 20).  Readers  desiring  more  information  on  the  assumptions  underly- 
ing the  crisis  relocation,  or  the  specific  details  of  the  Colorado 
Springs  evacuation  plan,  are  referred  to  this  document. 

1.  Relocation  of  the  risk-area  population  uill  occur  only  at  the 
direction  of  the  Governor  of  Colorado,  generally  at  the 
request  of  the  President  of  the  United  States.  Measures 
preparatory  to  such  relocation  may  be  undertaken  during  a 
crisis  at  local  option. 

2.  Crisis  relocation  of  the  risk-area  population,  when  directed 
by  the  Governor  of  Colorado,  will  be  mandatory  — not  volun- 
tary — and  in  general  accordance  with  the  crisis  relocation 
plan. 

3.  All  of  the  risk-area  population,  less  active-duty  military 
personnel.  Hill  relocate  to  designated  host  counties  or  desig- 
nated parts  of  El  Paso  County. 

A.  After  relocation  is  accomplished,  there  will  be  no  requirement 
for  goods  or  services  anywhere  in  the  risk  area  during  the 
relocation  period,  except  as  necessary  for  the  preservation  of 
property  and  the  support  of  essential  activities. 

5.  Some  portion  of  the  risk-area  population,  estimated  at  between 
10  and  20  percent,  can  be  expected  to  leave  the  area  in 
advance  of  a directed  crisis  relocation.  These  spontaneous 
evacuees  are  expected  to  consist  mainly  of  families  whose 
members  do  not  have  public  or  emergency  responsibilities  and 
who  have  a vacation  home  or  relatives  in  mind  as  a destina- 
tion. The  location,  identification,  and  destination  of  this 
group  will  not  be  known. 

6.  Once  crisis  relocation  of  the  risk-area  population  has  been 
directed,  the  minimum  duration  of  the  relocation  period  will 
be  seven  days.  The  maximum  duration  of  the  relocation  period 
is  uncertain,  but  could  last  several  weeks. 


1.6  RjPQRI  ORGANIZATION 

To  assess  the  impacts  of  a nuclear  attack  on  the  reconfigured 
transportation  network  under  a crisis  relocation  strategy,  the  current 
investigation  has  developed  a quantitative  picture  of  the  vehicles, 
roadways,  and  fuel  situation  in  the  sample  study  area  of  Colorado 
Springs,  Colorado.  Chapter  2 analyzes  vehicle  inventories,  require- 
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merits,  and  alternatives  at  the  nations)  and  local  level  and  discusses 
the  implications  of  this  analysis  on  crisis  relocation  planning  guide- 
lines. Chapter  3 assesses  probable  damage  to  the  road  and  rail  networks 
and  evaluates  alternative  routing  patterns  along  with  attendant 
increases  in  distance  and  travel  times.  The  potential  role  of  truck- 
stops  under  crisis  relocation  conditions  is  also  analyzed.  Chapter  A 
traces  the  fuel  supply  system,  discusses  the  fuel  needs  of  evacuees, 
assesses  probable  damage  to  the  fuel  supply  and  distribution  system,  and 
evaluates  various  alternative  courses  of  action,  including  stockpiling, 
changes  in  distribution  procedures,  and  conservation  measures.  Chapter 
5 analyzes  the  extended  crisis  situation,  in  which  the  initial  crisis 
relocation  is  not  followed  by  an  attack  or  a cessation  of  hostilities 
and  risk  area  residents  reside  for  relatively  long  periods  of  time  in 
the  host  area.  Chapter  6 summarizes  promising  strategies  for  postattack 
transportation  system  support  and  discusses  the  implications  of  these 
strategies  on  crisis  relocation  planning  activities.  Chapter  7 summa- 
rizes the  results  of  interviews  with  planners  and  industry  personnel 
designed  to  validate  the  planning  guidance  and  materials  produced  as  a 
result  of  this  case  study  and  past  transportation  problems  under  crisis 
relocation  conditions. 
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VEHICLE  INVENTORIES,  REQUIREMENTS  AND  ALTERNATIVES 


This  section  discusses  the  normal  and  postattack  availability  of 
vehicles  for  passenger  and  cargo  movement  throughout  the  United  States 
and  in  Colorado  Springs  in  particular.  Vehicle  inventories  are  measured 
against  the  requirements  imposed  by  the  postattack  situation,  and  alter- 
natives for  improving  the  emergency  utilization  of  private  and  public 
vehicles  are  identified  and  evaluated.  The  conclusions  presented 
reflect  the  results  obtained  from:  (1)  previous  studies;  (2)  extensive 
discussions  uith  representatives  of  the  rail  and  trucking  industries, 
various  trade  associations,  and  public  transportation  planners;  (3) 
damage  assessment;  and  (4)  an  analysis  of  postattack  transportation 
requirements  and  vehicle  availability.  The  related  subjects  of  roads 
and  fuel  are  discussed  in  subsequent  subsections. 


2 . 1 DISPOSITION  OF  VEHICLES  UNDER  A CRP  STRATEGY 

The  major  vehicle  requirements  imposed  by  a crisis  relocation  strat- 
egy have  been  analyzed  in  an  earlier  SYSTAN  study  (Reference  6).  This 
study  concluded  that  the  United  States  appears  to  have  vehicles  in  abun- 
dance to  support  a crisis  relocation  strategy.  At  least  80/i  of  all 
evacuees  will  relocate  in  private  automobiles.  If  these  evacuees  rely 
on  the  "first"  automobile  available  to  each  household,  a large  store  of 
"second"  automobiles  will  be  left  in  reserve  within  the  risk  area.  In 
the  typical  city,  the  supply  of  local  buses  (including  schoolbuses,  tour 
buses,  and  urban  transit  vehicles)  will  be  adequate  to  support  the  relo- 
cation of  autoless  evacuees.  This  will  not  be  the  case  in  all  cities, 
particularly  in  those  large  eastern  cities  uith  a high  proportion  of 
autoless  residents.  Planners  in  these  cities  will  have  to  supplement 
the  local  bus  fleet  with  intercity  buses,  rail  passenger  service  and,  as 
a last  resort,  trucks  and  freight-cars. 

Sufficient  vehicles  are  also  available  to  provide  essential  supplies 
to  the  relocated  population.  A conservative  estimate  of  the  number  of 
non-essential  goods  commonly  transported  reveals  that  these  goods  tie  up 
40X  of  the  vehicles  used  in  intercity  transportation  and  half  the  trucks 
used  in  local  transportation.  Thus,  the  inventory  of  vehicles  and  driv- 
ers available  for  transporting  critical  commodities  could  be  substan- 
tially increased  under  crisis  relocation  conditions.  The  distance 
covered  by  local  supply  vehicles  will  be  increased  by  the  relocation 
strategy,  but  the  local  vehicle  inventories  appear  to  be  more  than  equal 
to  this  additional  stress,  and  several  measures  have  been  identified  for 
improving  vehicle  productivity  under  crisis  conditions. 

Under  crisis  relocation  conditions,  the  chief  problem  with  transpor- 
tation equipment  is  much  more  likely  to  be  one  of  organization  than  of 
vehicle  shortages.  Although  vehicles  for  relocation  and  supply  exist  in 
abundance,  they  are  not  always  in  the  right  place  and  may  be  subject  to 
conflicting  pressures  under  emergency  conditions.  At  the  national 
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level,  advance  planning  should  be  undertaken  to  ensure  that  the 
intercity  bus  fleet  is  directed  to  those  cities  most  in  need  of  reloca- 
tion assistance.  At  the  state  and  local  levels,  clear  chains  of  command 
need  to  be  drawn  up  and  publicized.  NOTA  members  cite  instances  in  past 
emergencies  in  which  conflicting  claims  were  made  on  emergency  equip- 
ment. and  police  cordons  failed  to  admit  properly  authorized  individuals 
attempting  to  salvage  transportation  equipment  in  the  face  of  an  oncom- 
ing flood. 


2.2  OVERVIEW  OF  NATIONAL  AND  LOCAL  VEHICLE  INVENTORIES 

In  order  to  determine  the  postattack  availability  of  vehicles 
following  a nuclear  attack,  it  is  first  necessary  to  trace  the  location 
and  use  of  the  nation's  vehicle  fleet  under  normal  conditions.  As  a 
basis  for  assessing  postattack  availability,  vehicle  inventories  and 
usage  patterns  were  assembled  for  the  nation  as  a whole  and  for  Colorado 
Springs  in  particular.  The  impact  of  a crisis  relocation  strategy  on 
vehicle  location  and  use  was  then  documented  prior  to  undertaking  an 
assessment  of  the  vulnerability  of  the  vehicle  fleet  to  a nuclear 
attack . 


2.2.1  nationwide  Overview 

2.2. 1.1  Vehicle  Inventories. 

In  1970,  there  were  approximately  111.2  million  highway  vehicles 
registered  in  the  United  States  (Exhibit  2.1).  Automobiles  accounted 
for  92.1  million  of  this  number,  or  about  83%  of  the  total.  Public 
transit  vehicles  numbered  384,377  in  1970,  with  buses  accounting  for  81% 
of  total  public  transit  vehicles.  Schoolbuses  constituted  93%  of  the 
bus  group.  Truck  registrations  in  the  United  States  as  of  1970  numbered 
approximately  18,748,000,  of  which  about  95%  were  private  and  commercial 
vehicles  and  5%  percent  were  public  vehicles.  Of  the  total  number  of 
trucks  in  the  nation,  approximately  97%  were  single  units  with  two  or 
three  axles,  and  3%  were  tractor-trailer  combinations  with  three  or  more 
axles. 
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2.2. 1.2  National  Usage  Patterns. 

Automobiles 

In  1973.  total  motor  vehicle  travel  uas  approximately  1.31  million 
vehicle-miles.  Of  this  number,  personal  passenger  vehicles  accounted 
for  about  1.04  million  vehicle-miles,  or  about  79%  (Appendix  Table  A-3). 
Of  all  passenger  car  trips,  about  37%  were  made  in  earning  a living,  31% 
for  family  business,  and  22%  for  social  and  recreational  trips.  Under 
emergency  conditions,  therefore,  a high  percentage  of  existing  travel 
could  be  eliminated. 

Intercity  Freight  flovement 

Trucks  accounted  for  about  20%  of  total  vehicle-miles  traveled  in 
1973.  During  that  year,  an  estimated  5.5  billion  tons  of  intercity 
freight  uas  hauled  by  all  modes  operating  in  the  United  States.  An 
estimated  1.9  billion  tons,  or  37%  of  the  total,  uas  carried  by  truck. 
Rail  accounted  for  1.6  billion  tons,  or  30%  of  the  total.  Because  the 
average  intercity  length  of  haul  by  rail  exceeds  that  by  truck  (531 
miles  versus  276  miles),  the  percentage  of  intercity  ton-miles  carried 
by  rail  exceeds  that  carried  by  truck.  In  1973,  railroads  carried  858 
billion  ton-miles  of  intercity  freight,  or  39%  of  the  total,  while 
trucks  carried  505  billion  ton-miles,  or  22.6%  of  the  total.  Pipelines 
carried  22.7%  of  the  total,  uhile  16.0%  moved  on  rivers  and  lakes. 

Under  crisis  conditions,  certain  non-essential  cargo  will  not  move 
on  the  normal  intercity  transportation  network.  A previous  SYSTAN 
report  (Reference  6)  separated  essential  and  non-essential  cargo  move- 
ments, and  concluded  that  approximately  62%  of  the  nation's  intercity 
truck  ton-miles  and  41%  of  the  intercity  rail  ton-miles  consisted  of 
essential  cargo.  Curtailment  of  non-essential  shipments  during  an  evac- 
uation would  therefore  free  a substantial  portion  of  the  nation’s  truck 
and  rail  fleet  for  performing  emergency  services,  augmenting  the  local 
flow  of  critical  supplies,  or  providing  support  vehicles  in  relatively 
invulnerable  host-area  locations. 


2.2.2  Colorado  Springs  Overview 
2.2.2. 1 Vehicle  Inventories. 

An  inventory  of  vehicles  in  El  Paso  County  is  provided  in  Table 
2.1.  As  of  1974,  El  Paso  County  had  an  estimated  200,000  vehicles,  most 
of  which  were  in  Colorado  Springs.  The  estimated  150,295  passenger  cars 
constitute  81%  of  all  over- the-road  vehicles  in  the  county. 

In  Colorado  Springs,  92.8%  of  the  households  own  one  or  more  automo- 
biles and  44.5%  own  two  or  more.  These  percentages  are  significantly 
higher  than  those  for  the  nation  as  a whole.  In  the  U.S.,  79.5%  of  all 
households  own  one  or  more  automobiles  (see  Exhibit  2.2). 
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TABLE  2.1 

VEHICLE  INVENTORY  IN  EL  PASO  COUNTY.  1974 


Passenger  Cars 


Buses 


Intercity  Bus  9 
Local  Bus  31 
.School  Bus  174 
Tour  Bus  6 
Van  8 
Limousine  3 


Total  Buses 

Cargo  Vehicles 


Trucks 

Pick-ups  31,429 

Dump  Trucks  1,815 

Farm  Trucks  1,172 

Metropolitan 

Trucks  360 


Total  Trucks  34,776 

Tractor  Units  508 

Trailers  14 , 404  * 


Total  Cargo  Vehicles 


150,295 


231 


49,688 


Recreational  Vehicles 


87 


I " 


TOTAL  VEHICLES  200,301 


Includes  trailers  of  all  types  and  sizes. 
Source:  Registrar,  County  of  El  Paso,  Colorado. 
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EXHIBIT  2.2 

AUTO  OWNERSHIP 
JN 

U.S.  and  COLORADO  SPRINGS 


nn 


One  or 
More  Can 


Three  or 
More  Cart 


ALL  US  HOUSEHOLDS 

..  20.5% 

79.5% 

49.3% 

24.6% 

5.6% 

ALL  COIORADO  SPRINGS  j 

HOUSEHOLDS 

7.2% 

92.8% 

48.3% 

36.3% 

8.2% 

Source:  1.  1973/74  Automobile  Facts  and  Figures,  Motor  Vehicle  Manufacturers 
Association  of  the  United  States,  Inc.,  Detroit,  Michigan. 

2 . 1 970  U.S.  C ensus  of  I lousing:  Housing  Characteristics  for  S t a t c£ , 
Cities  and  Counties.  Volume  1,  Part  7,  Colorado,  U.S.  Bureau  of 
the  Census,  Washington,  D.C.;  pp.  7-122  and  7-79. 
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Transit  vehicles  in  Colorado  Springs  number  approximately  275, 
including  44  taxicabs.  Schoolbuses  account  for  the  largest  share  of 
this  total.  The  number  of  transit  vehicles  in  Colorado  Springs  by  type 
and  seating  capacity  is  listed  in  Appendix  Table  A-l. 

It  is  estimated  that  there  were  34,776  trucks  in  Cl  Paso  County  in 
1974,  of  uhich  31,429  (90*)  were  pick-ups.  The  remaining  1 0*  include 
dump  trucks,  farm  trucks  and  metropolitan  trucks.  In  addition,  there 
were  508  tractor  units  and  a total  of  14.404  trailers,  of  uhich  an  esti- 
mated 1.000  were  heavy  combination  units.  These  figures  include  both 
privately-owned  vehicles  and  those  owned  by  the  County's  27  motor 
freight  public  carriers.  The  number  of  common  carrier  cargo  vehicles  in 
Colorado  Springs  by  weight  is  listed  in  Appendix  Table  A-2. 


2. 2. 2. 2 Automobile  Usage  Patterns. 

Passenger  car  use  in  Colorado  Springs  and  the  United  States  as  a 
whole  exhibits  similar  patterns.  The  table  below  shows  that  travel  to 
and  from  work  accounts  for  between  one-quarter  and  one-third  of  the 
total  passenger  car  trips: 


PASSENGER  CAR  USE  IN  COLORADO  SPRINGS 
AND  THE  UNITED  STATES 


Purpose  of  Travel 

Colorado 

Spr l nqs 

Uni  ted 
States 

Earning  a Living 

42.0* 

42.  TV. 

Social  and  recreational 

34.0 

33.  4 

(visit  friends 

or  relatives) 

(12.0) 

(12.2) 

Family  business 

19.4 

19.6 

Educational , 

civic,  rel igious 

4.7 

5.0 

Total 

100.0% 

100.  OV. 

(Sources:  Transportation  Plan  Summary  Report  (Second  Draft),  Pikes  Peak 
Area  Council  of  Governments  and  the  Colorado  Division  of  Highways  in 
cooperation  with  the  U.S.  Department  of  Transportation,  Federal  Highway 
Administration,  Washington,  U.C.,  1974,  page  64;  and  Nationwide  Personal 
Irans&flrtflAiqn.  SUlti*.  Household  Travel  in  the  U.S.,  Report  No.  7,  U.S. 
Department  of  Transportation,  Federal  Highway  Administration,  Washing- 
ton, D.C.,  1972,  page  4). 
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Colorado  Springs  and  U.S.  automobile  occupancy  rates  are  also 
similar.  The  Colorado  Springs  survey  cited  above  indicated  an  average 
automobile  occupancy  rate  of  1.7  persons  per  trip,  while  the  U.S.  aver- 
age was  1.9  (Reference  1). 


The  majority  of  trips  (54. IX)  on  a national  level  are  under  five 
miles  in  length  (see  Exhibit  2.3).  These  trips  account  for  slightly 
over  11%  of  the  vehicle-miles  traveled.  Statistics  for  average  trip 
length  in  Colorado  Springs  are  unavailable  for  comparison. 


2. 2. 2. 3 Public  Transit  Service. 


The  City  Bus  Service  provides  public  transit  service  within  Colo- 
rado Springs  along  ten  routes,  all  converging  at  a common  off-street 
transfer  point  within  the  CBO.  Present  transit  ridership  is  roughly 
2,000  passengers  per  day,  uhich  accounts  for  less  than  1%  of  total 
trip-making  in  the  Colorado  Springs  area.  Intercity  bus  service  is 
provided  by  Continental  Trailways  and  Greyhound.  Both  companies  main- 
tain terminals  in  the  CBD,  within  one  block  of  the  transfer  point  for 
local  transit  service.  Buses  stopping  at  Colorado  Springs  travel  to  and 
from  Denver  and  Pueblo  in  Colorado  and  to  El  Paso,  San  Antonio  and 
Dal  las  in  Texas . 


2. 2. 2. 4 Local  Truck  Movement. 


Within  Colorado  Springs,  there  are  four  major  carriers,  six  medium- 
sized companies,  and  an  estimated  30  to  35  small  firms.  The  number  of 
moving  and  storage  firms  operating  in  Colorado  Springs  is  unusually  high 
because  of  the  heavy  concentration  of  transient  military  personnel.  The 
business  is  highly  seasonal,  with  heavy  activity  occurring  only  during 
the  four  summer  months.  Most  of  the  local  "call  and  demand"  carriers 
have  temporary  storage  facilities. 


The  business  of  scheduled  freight  carriers  is  far  more  regular  than 
that  of  call  and  demand  carriers.  The  largest  scheduled  carriers 
(Pacific  International  Express,  Navajo,  etc.)  serving  Colorado  Springs 
function  primarily  as  break-bulk  agents,  breaking  down  large  shipments 
into  small  truckloads  for  local  delivery.  Colorado  Springs  has  few 
outbound  shipments  relative  to  the  number  of  inbound  shipments,  so  the 
trucks  of  many  carriers  leave  the  area  empty. 
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EXHIBIT  2.3 

LENGTH  OF  AUTOMOBILE  TRIPS 
(NATIONWIDE  AVERAGES) 


Trip  Length 
(One-Way  Miles) 

Trips 

Vehicle 

Miles 

Under  5 

54.1% 

11.1% 

5-9 

19.6 

13.8 

10-15 

13.8 

18.7 

16-20 

4.3 

9.1 

21-30 

4.0 

1 1.8 

31-40 

1.6 

b.6 

41-50 

0.8 

4.3 

51  99 

1.0 

7.6 

100  and  over 

0.8 

17.0 

Total 

100.0% 

100.0% 

UNDER  S 
MILES 


PERCENT  OE  TOTAL  TRIPS 
PERCENT  Of  VEHICLE  MILES 


21-50 

MILES 


OVER  50 
MILES 


60 


PERCENT 


sooner  US.  Dr  p.ir  Intent  of  Tr.msport.it  ion.  f oifor.it  fliyhw.iy  Aitmin  istr.it  ion.  Nj>tion*n1tt  f ’or  ii.ru/  fr.irisrHir/jrr.in  Study  1 1 ->t»-*>.  Hr  ports 
No.  1 .inU  /. 
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2.2.3  L&gal  Vehicle  Assignments  Under  Crisis  Relocation 
Conditions. 

2.2.3. 1 Movement  of  People  Under  CRP  Conditions 

The  major  transportation  demands  posed  during  and  after  the  reloca- 
tion of  the  Colorado  Springs  population  have  been  analyzed  in  an  earlier 
SYSTAN  study  (Reference  6).  This  study  concluded  that  private  automo- 
biles (approximately  35,000)  would  be  the  primary  means  of  moving  relo- 
catees  from  the  risk  to  the  host  area.  Automobiles  would  be  supple- 
mented by  buses  and  other  means  of  transportation  where  necessary.  The 
schoolbus  fleet,  in  combination  with  the  existing  local  bus  service,  was 
found  to  be  adequate  for  moving  those  residents  without  access  to  a 
private  automobile.  Once  the  host  area  is  reached,  use  of  private  auto- 
mobiles would  be  restricted.  following  relocation,  risk  area  buses 
would  provide  public  transportation  within  the  host  area.  Buses  and 
carpools  would  be  used  to  the  extent  possible  in  the  commuting  of  crit- 
ical workers.  It  appears  that  there  would  be  a sufficient  number  of 
vehicles  for  the  necessary  movement  of  people  during  and  after  the 
crisis  relocation  period. 


2. 2. 3. 2 Movement  of  Urban  Cargo  Under  CRP  Conditions. 

Whereas  only  62X  of  current  intercity  truck  movements  and  4 1 % of 
intercity  rail  movements  were  designated  as  essential  under  crisis  relo- 
cation conditions,  roughly  5155  of  local  urban  truck  movements  were  found 
to  be  essential  (Reference  6).  Thus,  the  movement  of  essential  urban 
cargo  under  CRP  conditions  would  require  about  one-half  the  number  oi 
vehicles  used  under  "normal"  conditions.  Under  crisis  relocation  condi- 
tions, however,  the  distance  traveled  by  urban  vehicles  would  be 
increased,  introducing  some  transportation  stress.  In  Colorado,  long 
evacuation  distances,  coupled  with  a heavy  concentration  of  manufactur- 
ing activity  in  the  Denver  area,  will  cause  vehicle  mileage  requirements 
for  local  deliveries  to  triple  under  crisis  relocation  conditions 
(Reference  6).  This  tripling  of  mileage  can  be  met  in  the  short  run  by 
a 505t  increase  in  vehicles  and  a doubling  of  the  available  driver 
supply.  These  vehicles  and  drivers  will  be  available  locally  if  the 
i movement  of  non-essential  goods  is  curtailed  and  the  supply  of  vehicles 

and  drivers  is  carefully  coordinated. 


2.3  DAMAGE  ASSESSMENT 

Under  a crisis  relocation  strategy,  approximately  90>C  of  the  U.S. 
population  is  assumed  to  survive  a nuclear  attack.  This  figure  exceeds 
the  in-place  protection  strategy  survival  rate  by  about  70  million 
people.  Evacuation  from  the  Colorado  Springs  risk  area  to  adjacent  host 
areas  results  in  an  even  higher  survival  rate,  postulated  at  9SK  of  the 
population.  A damage  assessment  analysis  conducted  ns  part  of  the 
current  study  showed  that  vehicle  survival  under  crisis  relocation 
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Assuming  50%  of  all  freight-cars  are  moved  to  the  host  area. 
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conditions  also  exceeded  that  experienced  under  a strategy  of  in-place 
protection.  Table  2.2  summarizes  vehicle  survival  in  the  U.S.  and  Colo- 
rado Springs  under  an  attack  comparable  to  the  UNCIEX-CHARL I E attack 
pattern. 


2.3.1  Automobiles  and  Buses 

Although  several  earlier  studies  have  analyzed  various  aspects  of 
the  vulnerability  of  freight  transportation  to  nuclear  attack,  rela- 
tively little  work  has  been  done  on  the  nationwide  vulnerability  of 
passenger  transportation.  For  this  reason.  Table  2.2  lists  no  nation- 
wide data  for  the  survival  of  automobiles  and  buses  under  a strategy  of 
in-place  protection.  A few  studies,  however,  have  investigated  the 
vulnerability  of  local  transportation  systems.  One  such  study  (Refer- 
ence 2)  found  that  damage  to  automobiles  remaining  in  the  urban  area  was 
severe,  with  only  1 OK  undamaged  and  usable.  In  this  study,  it  was 
assumed  in  the  target  model  that  some  of  the  vehicles  were  inside  build- 
ings, some  parked  at  shelters,  and  others  parked  outside  near  resi- 
dences . 

Under  a strategy  of  in-place  protection,  it  has  been  determined 
that  37K  of  the  automobiles  in  the  Colorado  Springs  risk  area  would 
survive  the  postulated  nuclear  attack.  Under  a crisis  relocation  strat- 
egy, 635i  of  the  automobiles  in  Colorado  Springs  area  would  be  expected 
to  survive.  These  results  were  based  on  using  a mean  lethal  overpres- 
sure of  5 psi,  and  assume  destruction  of  a large  number  of  second  house- 
hold automobiles  remaining  in  the  risk  area  under  the  lattef  strategy. 

As  with  automobiles,  relatively  little  study  has  been  done  on  the 
postattack  accessibility  of  buses  at  the  national  level.  In  Colorado 
Springs,  damage  assessment  analysis  indicates  that,  on  an  in-place 
basis,  bus  survival  would  be  31K  nr  the  Colorado  Springs  risk  area. 
Under  CRP,  the  survival  rate  would  be  81K.  As  with  automobiles,  these 
results  were  based  on  a mean  lethal  overpressure  of  5 psi  (Reference  2). 
It  is  assumed  that  most  buses  wou'd  be  removed  from  the  risk  area  during 
the  evacuation,  but  that  some  would  continue  to  reenter  the  risk  area  in 
transporting  critical  workers  during  and  after  crisis  relocation. 


2.3.2  Trucks  jmd  Railroads 
2. 3. 2.1  U.S.  Situation. 

Damage  assessment  for  trucks  and  railroad  rolling  stock  is  summa- 
rized in  Table  2.2  and  shown  in  more  detail  in  Table  2.3.  At  the 
national  level,  the  accessibility  results  are  based  on  the  UNCLEX-CHAR- 
LIE  attack  and  were  developed  by  the  Federal  Preparedness  Agency  (Refer- 
ences 3 and  4).  The  UNCLEX-CHARLIE  attack  is  based  on  an  in-place 
protection  mode.  As  shown  in  the  tables,  approximately  53K  of  the 
trucks  are  available  for  use  at  the  national  level  at  D+15.  Railroad 
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TABLE  2.3 

DAMAGE  ASSESSMENT  OF  TRUCKS  AND  RAILROAD  ROLLING  STOCK 
AT  THE  NATIONAL  LEVEL  (BASED  ON  UNCLEX-CHARL IE  ATTACK) 


Preattack 

Destroyed 

Accessible 

Accessible  for  Use  ! 

Category 

or  Severely 

for  Repair 

Level 

D ♦ 30 

Damaged 

0+130 

0 ♦ 1 

D ♦ 15 

TRUCKS 

No.  of  Petroleum 
Trucks 

48,656 

16,188 

4,187 

18,016 

25,192 

26,768 

% of  Preattack 

Total 

100 

33.3 

8.6 

37.0 

51.8 

55.0 

No.  of  Farm  Trucks 

2,832,313 

204,268 

151,279 

1,659,387 

2,301,750 

2,405,150 

t of  Preattack 

100 

7.2 

5.3 

58.6 

81.3 

84.9 

Total 

No.  of  A1 1 Other 

8,499,576 

3,518,421 

151,279 

2,672.428 

3,681 ,781 

3,921,268 

% of  Preattack 

Total 

100 

41.4 

9.6 

31.4 

43.3 

46.1 

. of  Total 

11,381,045 

3,738,841 

967,775 

4,349,827 

6,008,716 

6,353,181 

* of  Preattack 

Total 

100 

32.9 

8.5 

38.2 

52.8 

55.8 

RAILROAD 

ROLLING  STOCK 

No.  of  Freiqhtcars 

2,009,635 

761  ,687 

322,668 

555,679 

777,435 

839,048 

i of  Preattack 

Total 

100 

37.9 

16.1 

27.7 

38.7 

41.8 

No.  of  Passengercars 

27,300 

16,082 

4,005 

4,666 

6.216 

6.87? 

* of  Preattack  Total 

100 

57.8 

14.4 

16.8 

22.4 

24.7 

No.  of  Line-Haul 

11,900 

3,411 

549 

4,0*0 

5,827 

6,694 

Locomotives 

t of  Preattack 

ioo 

28.7 

4.6 

33.n 

49.0 

56.3 

Total 

No.  of  Switching 

7,998 

3,698 

514 

1,961 

3,003 

3,282 

Locomoti ves 

1 of  Preattack 

Total 

100 

46.2 

6.4 

24.5 

37.5 

41  .0 

Source:  Federal  Preparedness  Agency,  Ready  Summary  Analysis  gf  Scheduled  Availability 
for  Production  (SASAPl  Attack  L'NCLEX-ChARLI:  Category. THI  Voter  Trucks  National  S urma ry 
and  Category  TRS  Railroad  Rolling  Stock  National  Summary.  FPA,  General  Services 
Administration,  Washington,  D.C.,  October  1977. 
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rolling  stock  accessibility  at  D+15  is:  freight-cars,  3954;  line-haul 
locomotives,  495 4;  switching  locomotives,  3854 . Railroad  rolling  stock 
accessibility,  however,  is  considerably  less  immediately  after  the 
attack,  ranging  from  2 554  to  3454 . 


UNCLEX-CHARLIE  attack  data  on  damage  to  railroad  classification 
yards  and  repair  shops  is  classified  and  unavailable  for  this  report. 
Reviewing  earlier  studies,  Hamberg  reports  a survival  rate  of  4154  and 
5 354  respectively  for  classification  yards  and  repair  shops.  In  refer- 
ring to  the  general  range  of  damage  to  transport  systems,  however, 
Hamberg  cautions  that  "these  effects  would  in  most  cases  substantially 
reduce  the  capabilities  during  the  first  and  second  week  after  the 
attack,  but  on  the  whole,  one  could  infer  that  transportation  systems 
are  likely  to  survive  fairly  well.  This  conclusion  might  be  dangerously 
incorrect  for  two  reasons:  First,  the  attack  considered  did  not  target 
specifically  any  parts  of  the  transport  system  and,  second,  the  aggre- 
gated results  do  not  reflect  what  happened  at  critical  points  within  the 
system"  (Reference  5). 

Previous  studies  show  that,  particularly  for  rail  systems,  disrup- 
tion is  more  serious  than  indicated  by  percentage  survival  of  various 
categories  of  equipment  and  fixed  facilities. 


2. 3. 2. 2 Colorado  Situation. 

In  Colorado  Springs,  it  was  assumed  that  trucks  sustaining  a blast 
of  5 psi  or  more  were  damaged  and  not  accessible  for  use.  Under  a 
strategy  of  in-place  protection,  the  survival  rate  for  trucks  was  2954 
for  the  Colorado  Springs  risk  area.  The  survival  rate  for  some  trucks 
(e.n.,  farm  trucks),  of  course,  is  much  higher  than  for  others  which  are 
primarily  within  the  City  of  Colorado  Springs  (e.g.,  metropolitan 
trucks).  Under  a CRP  strategy,  with  most  trucks  out  of  the  risk  area  at 
the  time  of  the  postulated  attack,  the  survival  rate  is  approximately 
65X. 

Railroad  rolling  stock  survival  in  Colorado  Springs  on  an  in-place 
basis  was  2054  for  freight-cars  and  approximately  3354  for  locomotives. 
Under  CRP  conditions,  approximately  605;  of  the  freight-cars  and  two  of 
the  three  locomotives  (line  haul  and  switching)  would  be  accessible, 
assuming  evacuation  of  this  equipment  to  the  host  area  during  relocation 
(Table  2.2). 

Colorado  railroad  officials  indicate  that  new  track  around  the 
damaged  area  could  probably  be  laid  and  ready  for  operation  approxi- 
mately one  month  following  an  attack. 


24  POSTATTACK  VEHICLE  REQUIREMENTS 

The  estimation  of  postattack  transportation  requirements  at  the 
national  level  requires  a detailed  model  of  commodity  flow  before  and 
after  the  postulated  attack.  Such  a modeling  effort  was  beyond  the 
scope  of  the  current  research.  Local  measurements  in  the  Colorado 
Springs  study  area  have  been  inferred  for  several  key  commodities. 
Because  of  the  interrelated  nature  of  the  vehicle,  fuel  and  roadway 
elements  of  the  transportation  system,  however,  it  is  difficult  to 
divorce  the  local  picture  from  national  considerations.  Tor  example,  an 
apparent  surplus  of  surviving  fuel  in  one  area  of  the  country  may  be 
depleted  by  demands  in  other  fuel-starved  areas.  Thus,  any  attempt  to 
draw  precise  conclusions  is  hindered  by  the  lack  of  a national  overview 
of  the  postattack  transportation  situation.  However,  some  general 
observations  may  be  made  on  the  basis  of  local  studies  and  the  national 
studies  that  currently  exist. 


2.4.1  Movement  of  People  Under  Postattack  Conditions 

During  the  immediate  postattack  period,  the  demand  for  travei-to- 
work  vehicles  will  be  less  than  under  "normal"  conditions,  since  many  of 
the  usual  employment  locations  will  have  been  destroyed.  The  number  of 
workers  at  many  surviving  places  of  employment,  of  course,  will 
increase.  Personal  travel  will  be  restricted  throughout  the  early 
postattack  period  in  order  to  conserve  fuel.  Although  precise  postat- 
tack scenarios  for  population  return  to  surviving  homes,  work,  etc.  have 
not  been  developed  at  the  national  planning  level,  available  evidence 
indicates  that  there  will  be  a sufficient  number  of  vehicles  for  neces- 
sary transport  of  people  during  this  period.  Restrictions  on  movement 
are  more  likely  to  stem  from  fuel  shortages  or  damaged  roaduays  than 
from  a shortage  of  vehicles.  These  considerations  are  discussed  in 
subsequent  chapters  of  this  report. 


2.4.2  Movement  oi  -Cargo  Under  Postattack  Conditions 

Postattack  requirements  for  goods  movement  at  the  national  level 
have  not  yet  been  completely  defined,  although  some  work  has  been  done 
in  this  field  (Reference  7).  Earlier  studies  have  found,  however,  that 
for  a range  of  several  different  attacks  "the  surviving  aggregate  inven- 
tories of  such  items  as  motor  trucks,  locomotives,  railroad  classifica- 
tion yards,  and  experienced  workers  appeared  to  be  more  than  adequate 
for  deliveries  of  food  and  other  essentials."  (Reference  8).  The 
above-referenced  studies  were  based  on  an  assumed  in-place  protection 
posture . 

Under  crisis  relocation  conditions,  the  percentage  of  surviving 
cargo  vehicles  would  be  greater,  whereas  the  destruction  of  manufactur- 
ing industries  is  similar  to  that  under  an  in-place  protection  posture. 
The  requirements  of  the  surviving  population  would,  of  course,  increase, 
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as  more  survivors  are  expected  following  a crisis  relocation.  In  the 
immediate  postattack  period,  debris  removal  and  clean-up  operations  will 
create  a demand  for  selected  on-the-road  and  off-the-road  vehicles.  In 
the  days  and  months  following  the  attack,  as  production  is  gradually 
restored,  the  demand  for  general  transportation  of  manufactured  goods 
will  increase.  Appraisal  of  this  varying  nationwide  demand  and  detailed 
survey  of  surviving  cargo  vehicles  is  beyond  the  scope  of  this  study. 
Available  evidence  indicates,  however,  that  there  will  be  a sufficient 
number  of  cargo  vehicles  to  meet  essential  requirements. 

One  overall  assessment  of  the  requirement  for  supply  vehicles  under 
crisis  relocation  conditions  estimates  that  about  2.43  tractor-truck  and 
trailer  loads  per  day  are  needed  to  supply  10,000  people  (Reference  27). 
Using  this  estimate,  one  vehicle  making  one  round-trip  per  day  between 
local  supply  centers  and  the  relocated  population  could  support  about 
4,100  people  per  day.  In  the  United  States,  there  is  an  average  of  one 
tractor-truck  and  trailer  combination  for  every  200  people. 


It  is  estimated  that  90%  of  the  U.S.  population  would  survive  the 
postulated  attack  under  a strategy  of  crisis  relocation.  The  number  of 
surviving  trucks  under  such  a strategy  is  not  known  nationally. 

However,  under  an  in-place  protection  strategy,  52/5  of  the  nation's 
trucks  are  expected  to  survive  a comparable  attack.  Taking  525(  as  a 
worst-case  estimate  of  truck  survival  under  crisis  relocation  condi- 
tions, the  nation  would  be  left  with  an  average  of  one  tractor-trai I er 
combination  for  every  350  people.  (In  Colorado,  the  ratio  is  expected 
to  be  more  favorable,  at  one  vehicle  per  270  survivors.)  Even  with  the 
additional  distances  required,  this  should  be  adequate  for  the  movement 
of  essential  goods  if  roadways  are  available  and  sufficient  fuel 
survives. 


2 . 5 IDENTIFICATION  QT  ALTERNATIVES 
2.5.1  Automobiles 

Available  evidence  indicates  that  in  the  risk  and  host  areas, 
assuming  relocation  with  fs0%-70%  automobile  accessibility,  there  will  be 
a sufficient  number  of  vehicles  in  the  poctattack  period  to  meet  basic 
population  transport  requirements.  Approximately  90"  of  host  area  resi- 
dent and  relocatee  families  will  have  automobiles  in  the  postattack 
period.  Moreover,  travel  in  the  postattack  period  will  necessarily  be 
severely  restricted  by  fuel  supply  constraints  (see  Section  4).  Accord- 
ingly, severe  restrictions  will  be  placed  on  personal  automobile  usage, 
even  though  the  surviving  vehicle  supply  is  expected  to  be  more  than 
adequate  to  meet  travel  demands. 


2.5.2 


Trucks  and  Rail roads 


One  of  the  most  important  factors  identified  by  earlier  studies  is 
the  need  for  adequate  planning,  organization  and  postattack  management 
of  transportation  resources.  The  capabilities  of  each  of  the  transport 
systems  studied  are  very  sensitive  to  the  manner  in  which  equipment  is 
managed  in  time  of  stress.  During  the  immediate  postattack  period, 
decisions  regarding  transportation  priorities,  vehicle  routing,  and 
intermodal  transfers  uill  be  of  major  importance.  In  view  of  this,  the 
value  of  detailed  advance  planning  and  training  in  the  preattack  period 
cannot  be  overemphasized. 


2.5.2. 1  Moving  Critical  Vehicles  to  the  Host  Area. 

Due  to  their  concentration  in  railroad  classification  yards,  switch 
engines  uill  have  a louer  survival  rate  than  line-haul  locomotives  and 
freight-cars.  Suitch  engines  uill  be  urgently  needed  during  the  postat- 
tack period,  and  plans  should  therefore  be  made  to  move  as  many  as 
possible  out  of  the  risk  area  during  the  latter  part  of  the  relocation 
period,  without  disrupting  the  orderly  flow  of  necessary  uork.  The 
location  of  host  area  points  where  critical  rolling  stock  may  be  moved 
is  discussed  in  more  detail  in  Chapter  3.  Railroad  debris  removal  and 
track  repair  equipment  should  also  be  moved  to  the  host  area.  Further- 
more, soecialized  motor  vehicles  such  as  ambulances,  dump  trucks,  and 
debris  removal  equipment  should  be  moved  to  the  host  aiea  during  reloca- 
tion to  the  extent  that  this  is  possible  without  disrupting  risk  area 
operations. 


2. 5. 2. 2  Assembling  Parts  Inventories  in  Host  Area. 

Locomotive  spare  parts  and  maintenance  manuals  should  be  moved  to 
the  host  area  during  the  crisis  relocation  period.  In  addition,  parts 
for  trucks  and  other  critical  vehicles  should  be  moved  to  the  host  area. 
In  Denver  and  Colorado  Springs  under  "normal"  conditions,  the  inflow  of 
cargo  is  much  heavier  than  the  outflow;  therefore,  cargo  vehicles  gener- 
ally have  excess  outbound  capacity  and  can  readily  carry  vehicle  parts 
and  other  critical  items. 


2. 5. 2. 3  Intermodal  Transfer. 

The  greater  flexibility  of  truck  movement  in  time  of  emergency 
suggests  that  truck  movement  might  be  effectively  substituted  for  rail 
movement  during  the  immediate  postattack  period.  Most  commodities  could 
be  transferred  between  rail  and  truck.  For  example,  the  major  food 
items  coming  into  Oenver  by  rail  are  wheat,  other  cereal  products,  and 
canned  goods,  usually  in  palletized  form.  These  items  can  readily  be 
carried  by  truck.  Possible  host  area  locations  for  the  construction  of 
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makeshift  terminals  and  plans  for  such  terminals  should  be  made  part  of 
the  transportation  annex  of  local  plans.  To  ensure  the  most  efficient 
use  of  fuel  and  manpower,  such  substitutions  of  service  would  usually  be 
made  on  hauls  of  relatively  short  distance.  Furthermore,  the  railroads 
should  resume  their  customary  role  once  rail  service  is  reestablished. 


2. 5. 2. A Easing  Transportation  Stress. 

In  addition  to  moving  vehicles  and  parts  to  the  host  areas  and 
substituting  trucks  for  rail  transport  during  the  immediate  postattack 
period,  certain  strategies  have  been  identified  for  improving  driver 
productivity  and  vehicle  productivity  under  emergency  conditions.  These 
strategies  are  discussed  belou. 

As  part  of  earlier  studies  (References  8,  9 and  10),  distribution 
managers  for  major  food  wholesalers  serving  five  different  metropolitan 
areas  of  the  U.S.  were  interviewed  at  some  length  regarding  potential 
measures  that  might  be  employed  to  ease  the  transportation  stress 
imposed  on  the  food  distribution  system  by  a crisis  relocation.  Similar 
interviews  were  carried  out  in  the  case  of  motor  fuel  distributors  serv- 
ing Colorado  Springs.  Most  of  the  distribution  managers  interviewed 
felt  that  the  vehicle  mileage  covered  by  their  trucks  fleets  in  making 
local  deliveries  could  be  doubled  under  emergency  conditions;  additional 
increases  would  require  additional  equipment.  The  larger  food  distribu- 
tors interviewed  indicated  a willingness  to  lease  additional  equipment 
in  time  of  emergency.  This  is  their  current  practice  when  demand  surges 
render  their  truck  fleets  inadequate.  Many  gasoline  distributors  rely 
heavily  upon  public  carriers  under  normal  circumstances,  and  would 
follow  this  strategy  instinctively  during  an  emergency.  Additional 
strategies  for  increasing  truck  and  driver  productivity  include: 

1.  RELAXING  REGULATORY  CONSTRAINTS 

a)  Relaxing  union  and  DOT  driver  restrictions 

b)  Ignoring  over-the-road  weight  limitations 

2.  IMPROVING  UTILIZATION  OF  EXISTING  EQUIPMENT 

a)  Relaxing  maintenance  requirements 

b)  Minimizing  downtime 

c)  Shipping  only  full-pallet  commodity  loads 

d)  Eliminating  light  loads 

e)  Shipping  only  necessary  commodities 


- 28  - 


4 


l 


3.  OBTAINING  ADDITIONAL  EQUIPMENT  AND  DRIVERS 


a)  Leasing  equipment 

b)  Using  incoming  equipment  from  manufacturers 

c)  Commandeering  additional  drivers  and  equipment  from  less 
critical  sectors  of  the  economy 


Each  of  these  strategies,  discussed  in  detail  in  Impacts  of  the  Crisis 
Relocation  Strategy  on  Transportation  Systems  (Reference  6),  is  briefly 
reviewed  in  the  following  paragraphs. 

(A)  Relaxing  Regulatory  Constraints.  Relaxing  union  and  DOT  restric- 
tions on  the  length  of  time  a driver  may  spend  at  the  wheel  during  a 
tour  of  duty  (consistent  with  safety  precautions)  would  increase  driver 
availability,  while  waiving  truck  weight  limitations  would  improve  vehi- 
cle util ization. 

(B)  Improving  Utilization  of  Existing  Equipment . Existing  equipment 
is  not  fully  utilized,  and  additional  vehicle-hours  may  be  realized  over 
short  periods  by  cutting  back  on  maintenance  procedures.  By  ignoring 
brand  differences  and  loading  only  full-pallet  loads  of  specified  ’terns, 
additional  savings  of  from  one  to  three  hours  per  trip  may  be  attained 
at  the  warehouse  loading  dock.  Another  means  of  improving  vehicle 
utilization  under  emergency  conditions  is  to  ship  only  essential  items. 
Every  retail  grocery  siore  and  grocery  wholesaler  carries  many  items 
which  would  not  be  required  for  survival  under  crisis  relocation  or 
postattack  conditions.  The  identification  of  non-essential  items  is  not 
simply  a matter  of  separating  food  and  non-food  items  and  shipping  only 
food  items  to  host-area  outlets.  While  some  non-food  items  carried  by 
grocers  are  clearly  not  essential  to  survival  (e.g.,  toys,  hair  spray, 
and  tobacco  products),  many  other  items  in  this  classification  will 
contribute  significantly  to  the  well-being  of  the  evacuated  population 
(e.g.,  aspirin,  toilet  tissue,  and  detergents). 

(C)  Obtaining  Additional  Drivers  and  Equipment.  One  obvious  means  of 
coping  with  the  transportation  stress  imposed  on  the  local  food  and  fuel 
distribution  systems  by  crisis  relocation  or  postattack  conditions  is  to 
secure  the  use  of  drivers  and  equipment  from  other,  less  critical 
sectors  of  the  distribution  community.  This  approach  is  currently  prac- 
ticed on  a small  scale  by  most  food  distributors.  On  a larger  scale, 
many  fuel  distributors  rely  entirely  on  the  services  of  leased  tankcars. 
Under  emergency  conditions,  additional  vehicles  and  drivers  for  the 
movement  of  food  and  other  critical  products  might  be  obtained  from  the 
household  moving  industry  and  from  manuf actur ing  firms  shutting  down  for 
the  duration  of  the  crisis.  In  addition,  back-haul  shipping  could  also 
be  util ized. 


Since,  as  noted  above,  existing  equipment  is  not  used  to  capacity, 
it  is  necessary  to  estimate  the  additional  usage  that  may  be  obtained 
from  this  equipment  before  additional  drivers  and  equipment  are  neces- 
sary. Estimates  of  the  requirements  for  additional  drivers  and  equip- 
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merit  have  been  made  in  earlier  studies  (References  6 and  9)  on  crisis 
relocation,  but  they  apply  to  the  immediate  postattack  period  as  well. 
Table  2 . 4 lists  the  estimated  range  of  increases  in  driver  and  vehicle 
productivity  associated  with  each  of  the  labor-  and  equipment-saving 
measures  proposed  in  this  section. 

The  possible  increase  in  driver  productivity  for  food  trucks  is 
51X.  uliile  the  average  increase  in  productivity  possible  for  existing 
food  transportation  vehicles  is  112. 5X.  This  figure  could  range  from 
76X  to  149%.  depending  primarily  on  existing  vehicle  downtime.  Poten- 
tial productivity  increases  are  slightly  less  pronounced  for  fuel 
trucks,  and  depend  primarily  upon  the  relative  number  of  trucks 
currently  in  service  20  hours  per  day,  as  opposed  to  more  common  ten- 
and  twelve-hour  operating  spans.  This  varies,  of  course,  from  company 
to  company. 

Exhibit  2.4  charts  the  rough  results  of  Table  2.4  as  a function  of 
various  transportation  stress  factors.  On  the  average,  a transportation 
stress  factor  of  2.5  for  food  deliveries  (i.e.,  a 150%  increase  in  vehi- 
cle mileage)  would  require  an  influx  of  1 8%  more  vehicles  and  7155  more 
drivers  from  other  sectors  of  the  economy.  A doubling  of  local  fuel 
truck  mileage  (i.e.,  a transportation  stress  factor  of  2)  would  require, 
on  the  average,  an  8%  increase  in  vehicles  and  a 63%  increase  in  driv- 
ers. These  estimates  do  not  allow  for  attrition  in  the  existing  driver 
force  in  the  face  of  emergencies,  and  assume  that  the  period  of  crisis 
will  be  relatively  short  (one  to  two  weeks).  Although  Exhibit  2.1  was 
prepared  from  rough  estimates  of  the  likely  impact  of  various  measures 
for  improving  distribution  system  productivity,  it  confirms  two  of  the 
major  intuitive  observations  of  distribution  managers  regarding  opera- 
tions under  emergency  conditions: 

1.  Driver  availability  is  likely  to  be  more  critical  than  vehicle 
availability:  that  is,  more  additional  drivers  than  vehicles 
are  required  to  meet  a specified  increase  in  vehicle  mileage. 

2.  The  existing  distribution  system  con  support  a doubling  of 
vehicle-miles  for  short  periods  without  requiring  additional 
equipment . 


2 . 6 VEHICLE  SITUATION  SUWIARV 

In  general,  the  availability  of  vehicles  during  the  postattack 
period  will  exceed  demand.  Although  damage  to  automobiles  remaining  in 
the  risk  area  at  the  time  of  the  postulated  attack  is  relatively  heavy, 
there  will  be  an  ample  supply  of  automobiles  in  the  postattack  period, 
since  under  crisis  relocation  conditions,  relocatees  take  their  first 
automobile  to  the  host  area.  An  estimated  90%  of  the  Colorado  Springs 
relocatee  and  host  area  resident  families  will  have  access  to  an  automo- 
bile in  the  postattack  period. 


30 


Trucks 


Driver 


Source:  Reference  t>. 


11X111  HI  T 2.4: 


RANCH  OF  ADDITIONAL  DRIVFRS  AND  FQU 1 I'MI  NT 
ASSOC  1 A 1 ID  W 1 111  TRANSPORT  A 1 I ON  STRI'SS  FACTORS 


200 


Transportation  Stress  Factors 


T3 
o t: 

nJ 

nj 

♦-*  t/1 

C U 
d>  0) 
o > 

k < ■ H 

a>  ^ 
a,  o 


100  - 


FUEL  TRUCKS 


FOOD  TRUCKS 


A ' » # 

**■  ^ ^ ^ ‘ ■ 

• . 


Transportation  Stress  Factors 


I 

I 


i 


As  indicated  in  Table  2.3,  motor  vehicles  and  rail  rolling  stock 
within  the  risk  area  will  sustain  relatively  heavy  damage;  however,  most 
trucks  will  be  moved  to  the  host  area  during  relocation.  Therefore, 
during  the  immediate  postattack  period,  there  will  be  enough  cargo  vehi- 
cles for  the  transport  of  food  and  other  essential  goods.  In  addition, 
to  the  extent  that  operations  will  permit,  certain  critical  rail  rolling 
stock  — such  as  switching  locomotives  — should  also  be  moved  to  host 
area  sites  during  the  relocation  period.  Specialized  motor  vehicles 
such  as  ambulances,  dump  trucks  and  debris  removal  equipment  should  also 
be  moved  to  the  host  area  during  the  relocation  period  to  the  extent 
that  this  is  possible  without  disrupting  risk  area  operations. 

Locomotive  spare  parts  and  maintenance  manuals  should  be  moved  to 
the  host  area  during  the  crisis  relocation  period.  Also,  parts  for 
trucks  end  other  critical  vehicles  should  be  moved  to  the  host  area 
during  this  time. 

In  the  immediate  postattack  period,  damage  to  any  one  of  several 
rail  components  — classification  yards  or  rail  lines  — could  limit 
overall  system  capability.  Denver  and  Colorado  Springs  could  expect  to 
undergo  a critical  curtailment  of  rail  service  in  the  immediate  postat- 
tack period  while  the  surviving  aggregate  inventories  of  locomotives, 
classification  yards,  and  train  crews  are  fitted  back  together  into  an 
operating  system.  In  the  immediate  postattack  period,  the  major  share 
of  total  cargo  will  move  by  truck  due  to  the  greater  survivability  and 
flexibility  of  this  mode. 

The  most  critical  problem  with  transportation  equipment  under  a 
crisis  relocation  strategy  is  likely  to  be  one  of  organization  and  coor- 
dination. This  is  expected  to  be  especially  true  following  an  attack. 
Although  the  surviving  vehicle  supply  is  expected  to  be  more  than 
adequate  for  carrying  essential  supplies,  clear  lines  of  authority  and 
advance  planning  will  be  needed  to  ensure  that  the  vehicles  are  in  the 
right  place  at  the  right  time  with  the  right  orders. 


3.  ROAD  AND  RAIL  NETWORKS 


f 

3.  1 INTRODUCTION 

In  the  postulated  nuclear  attack  on  the  United  States,  major  road 
and  rail  connections  will  be  seriously  damaged.  Damage  to  the  transpor- 
tation netuorks  Mill  necessitate  detours  on  the  road  system  and  Mill 
limit  the  use  of  the  rail  system.  Surviving  road  and  rail  facilities 
Hill  be  crucial  in  providing  transportation  service  to  the  surviving 
economy  and  population. 

This  chapter  examines  the  effect  of  damage  to  the  transportation 
network  on  the  travel  distances  experienced  after  an  attack.  The 
general  postattack  road  situation  is  considered  at  the  national  level  by 
using  past  studies  and  a limited  series  of  sample  state  analyses.  A 
more  detailed  analysis  of  postattack  road  conditions  is  undertaken  using 
Colorado  as  an  example.  Specific  commodity  movements  in  Colorado  are 
also  studied  for  a further  understanding  of  postattack  transportation 
problems.  The  role  of  truckstops  and  terminals  in  the  crisis  relocation 
and  postattack  periods  are  discussed.  In  addition,  damage  to  the  rail 
network  is  assessed  at  the  national  level  and  in  Colorado,  and  various 
alternatives  are  evaluated. 


3.2  ROAD  NETWORK 

3.2.1  Nationwide  Damage  Situation 

Previous  studies  have  determined  that  damage  to  roads  on  a national 
basis  is  not  expected  to  be  great  enough  to  substantially  reduce  motor 
transport  operations  (References  7 and  11).  For  the  range  of  attacks 
studied,  major  highway  links  were  cut  in  every  targeted  city;  however, 
in  almost  every  case,  alternative  detour  routes  existed  around  these 
breaks.  Extensive  detours  could  be  required  in  both  long-  and  short- 
haul  shipping  following  a nuclear  attack. 

While  previous  studies  have  asserted  that  postattack  travel  will  be 
possible,  the  increases  in  travel  distances  necessitated  by  detouring 
have  never  been  addressed.  The  following  paragraphs  outline  a rudimen- 
tary method  of  examining  both  distance  and  time  increases  in  postattack 
travel  patterns  for  four  states. 
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3.2. 1.1  Travel  Distance  Increase. 

To  obtain  a rough  idea  of  overall  mileage  increases  fol lowing  an 
attack  that  destroyed  the  connectivity  of  the  transportation  network, 
the  following  exercise  was  completed.  four  states  were  chosen  for  anal- 
ysis --  Colorado,  Michigan,  California  and  Virginia  --  and  several 
geographically  diametric  pairs  of  cities  within  each  state  were  identi- 
fied. Travel  distances  between  these  cities  were  calculated  for  the 
crisis  relocation  period  (reflecting  present  travel  distances  on  exist- 
ing roads).  Distances  were  then  computed  for  a postattack  situation 
along  routes  which  avoided  blast  and  fallout  areas.  Exhibit  3.1  shows 
examples  of  alternative  routing  in  the  State  of  Colorado.  Rerouting 
choices  confined  travel  patterns  to  interstate,  U.S.,  and  other  princi- 
pal highways  and  roads  which  would  provide  year-round  access  for  large 
vehicles.  Percent  increases  in  travel  distances  were  then  calculated 
for  the  postattack  period  as  follows: 


State 


Percent  Increase  in 
Cross-State  Travel  Distance 


Mi  chi gan 
Colorado 
Virginia 
Cal i fornia 


15 

21 

34 

Cross-state  travel 
interrupted 


Calculation  of  increased  postattack  distances  from  city  to  city  in 
California  emphasized  the  virtual  impossibility  of  road  travel  to  some 
areas  after  an  attack,  assuming  the  attack  destroyed  all  areas  identi- 
fied by  DCPA  as  potential  targets  (Reference  12).  Projected  target 
areas  in  California  include  most  large  urban  areas.  These  areas  are 
located  along  the  major  routes  of  the  state,  which  would  also  be 
destroyed.  Roads  in  the  less  populated,  "safe"  eastern  area  of  the 
State  are  unsuitable  for  long  hauls  due  to  mountainous  terrain  and 
weather  limitations  during  the  winter:  in  the  southeast,  alternate 
routes  simply  do  not  exist.  This  combination  of  limited  road  networks 
with  heavy  damage  to  key  intersections  in  projected  target  areas  and 
topographic/climatic  conditions  limiting  route  choice  during  part  of  the 
year  may  present  problems  for  alternate  routing  in  other  states  as  well. 
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3.2. 1.2  Travel  Time  Increases. 

Increased  travel  distances  represent  only  one  aspect  of  postattack 
travel  problems.  Detouring  around  the  designated  blast  and  fallout 
areas  necessitates  travel  on  highways  that  require  slower  travel  speeds 
than  those  on  the  interstate  highways  commonly  used  in  intercity  cargo 
movement.  Thus,  calculations  of  travel  time  suggest  that  slower  travel, 
together  with  increased  distances,  will  compound  the  difficulties  of 
postattack  transport.  To  examine  increased  travel  time  for  the  four 
states  already  studied,  simplified  assumptions  were  introduced  to 
reflect  speeds  on  primary  and  secondary  roads:  Vehicles  on  primary 
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EXHIBIT  3.1 

ALTERNATE  POSTATTACK  HIGHWAY  ROUTING  IN  COLORADO 


roads  ( i nterstates , U.S.  highways  and  other  routes  with  four  or  more 
lanes)  were  assumed  to  travel  at  speeds  of  55  miles  per  hour,  while 
vehicles  on  secondary  highways  (principal  state  routes,  two-lane  rural 
roads)  were  assumed  to  travel  at  45  miles  per  hour.  These  assumptions 
resulted  in  the  following  increases  in  intercity  travel  time: 


Hale 


Percentage  Increases 
in  Postattack  Travel  Time 


Colorado 
Michigan 
Virginia 
Cal i f orni a 


23.0 
21  .7 
37.8 

Cross-State  travel 
interrupted 


3.2.2  Colorado  Situation 

Calculations  of  increased  travel  distance  in  the  four  states 
provides  a very  sketchy  nationwide  picture  of  postattack  transportation 
problems.  To  gain  a greater  insight  into  these  problems,  a more 
detailed  investigation  of  travel  on  the  surviving  road  network  in  the 
sample  state  of  Colorado  was  completed.  As  part  of  this  investigation, 
transportation  distances  were  computed  for  specific  commodities  moving 
from  origins  within  Colorado  to  survivors  scattered  throughout  the 
State.  This  section  describes  the  findings  of  these  studies. 


3.2.2. 1 Local  Travel  Distance  Increases. 

The  relative  increase  in  postattack  travel  distances  is  greatly 
colored  by  the  analyst's  choice  of  origins  and  destinations.  Increases 
in  cross-state  travel  distances  will  be  less  marked  than  the  increase  in 
distance  encountered  in  moving  from  one  side  of  a risk  area  to  another. 
By  way  of  illustration,  distances  between  seven  major  highway  intersec- 
tions immediately  outside  the  Denver  blast  area  were  computed  for  both 
preattack  and  postattack  periods.  The  resulting  42  pairs  of  figures 
(distance  from  each  of  seven  intersections  to  each  of  six  other  inter- 
sections) show  a 67.95X  increase  in  travel  distances  after  attack. 

Thus,  while  much  urban  traffic  will  simply  not  occur  after  attack  due  to 
population  relocation,  vehicle  impoundments,  fuel  shortages,  etc., 
travel  between  the  peripheries  of  the  blast  areas  will  experience  a much 
greater  percentage  increase  than  cross-state  travel. 

Distance  increases  reflect  the  connectivity  of  the  t ranspor t a t i on 
network,  and  especially  the  location  of  nodes  within  or  outride  blast 
and  fallout  areas.  Colorado  provides  an  example  of  the  variability  of 
travel  distances  encountered  in  rerouting  intercity  travel . Intercity 
travel  increases  within  the  State  range  from  1 S%  (Grand  Junction  to 
Burlington)  to  48X  (Fort  Collins  to  Trinidad).  Complete  inaccessibility 
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also  threatens  to  be  a postattack  problem  for  some  areas.  The  non-blast 
areas  between  Pueblo  and  Denver,  for  example,  may  be  isolated  in  times 
of  inclement  travel  conditions,  as  all  major  access  roads  to  these  areas 
run  into  the  blast  zones  of  Denver,  Colorado  Springs  and  Pueblo. 


3. 2. 2. 2 Postattack  Increases  in  Colorado  Commodity  Movement  Distance. 


The  increases  in  cr.ss-state  and  intercity  travel  distances  are  of 
interest  only  insofar  as  they  provide  insights  into  the  likely  increases 
encountered  in  transport^  essential  commodities  following  an  attack. 

To  address  this  problem  c e„tly,  origins  and  destinations  of  essential 
commodity  movements  shou.'d  be  traced  before  and  after  the  postulated 
attack,  and  increased  transportation  requirements  should  be  computed  on 
a commodi ty-by-commodi ty  basis.  Ideally,  this  exercise  should  be  under- 
taken at  the  national  level.  However,  such  an  investigation  was  beyond 
the  scope  of  the  current  study.  Nonetheless,  the  current  study  traced 
movement  of  three  critical  commodities  --  wheat,  petroleum  and  milk  -- 
within  Colorado  before  and  after  the  postulated  attack.  Distances  from 
product  sources  to  consumers  were  calculated  along  existing  routes  and 
weighted  by  the  amount  of  the  product  moving  from  each  source.  Follow- 
ing this,  postattack  distances  from  surviving  sources  to  the  relocation 
centers  were  measured  over  the  shortest  routes  on  surviving  roads, 
weighted  by  movement  quantity,  and  compared  with  preattack  distances. 

The  results  of  this  comparison  are  tabulated  below. 


Product 


Percent  Increase  in  Travel  Distance 


Wheat  2 5% 

Milk  90% 

Petroleum  (best  case)  2251 

(worst  case)  41% 

The  25%  increase  in  wheat  transportation  distance  represents  the  trans- 
portation of  wheat  from  the  major  wheat-producing  counties  in  the  east- 
ern part  of  the  State  to  Canon  City,  a relocation  center,  and  from  the 
western  wheat-producing  counties  to  Grand  Junction.  The  figure  does  not 
include  calculations  for  wheat  entering  or  leaving  the  State.  However, 
a concurrent  SYSTAN  study  (Reference  30)  shows  that  most  of  the  wheat 
and  cereal  products  consumed  in  Colorado  are  produced  and  processed 
within  the  State.  Distances  for  milk  transport  were  arrived  at  in  a 
similar  way,  resulting  in  a 90%  increase  in  travel  distance.  A major 
factor  in  this  relatively  large  increase  is  the  need  to  ship  quantities 
of  fresh  milk  from  Colorado  to  Idaho  and  Utah  for  drying  in  the  postat- 
tack period.  This  need  stems  from  the  destruction  of  most  of  Colorado's 
milk-processing  facilities  and  the  advantages  of  dried  milk  over  perish- 
able fresh  milk  in  the  postattack  period. 

Two  figures  are  presented  for  petroleum  transport  increases.  The 
"best  case"  assumes  that  petroleum  can  be  received  from  La  Junta  and 
Fort  Collins  pipeline  terminals.  These  terminals  are  both  on  the  edge 
of  the  blast  areas;  they  may  or  may  not  be  destroyed,  damaged  or  inac- 
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cessible  due  to  road  damage  after  attack.  The  "worst  case"  assumes  that 
petroleum  cannot  be  received  from  either  of  the  terminals  due  to  one  of 
more  of  these  problems.  In  this  case,  trucks  would  be  used  to  transport 
petroleum  from  surviving  refineries  outside  the  State. 

The  above  figures  represent  very  rough  calculations  and  are 
proposed  only  as  guidelines  for  further  study  in  the  area  of  postattack 
commodity  transport.  A knowledge  of  the  nationwide  origins  and  destina- 
tions of  critical  commodity  movements  would  be  required  for  comprehen- 
sive postattack  transport  planning,  including  the  allocation  of  food, 
fuel  and  other  critical  commodities.  The  calculations  for  specific 
commodities  in  Colorado  suggest  the  direction  for  possible  future 
research  at  the  national  level..  Because  national  shortages  will  have 
an  impact  on  the  local  availability  of  such  critical  commodities  as  food 
and  fuel,  a study  of  nationwide  commodity  movements  is  recommended  as 
the  next  step  in  the  investigation  of  postattack  transportation  require- 
ments. 


3.3  TRUCKSTOPS  AND  TERMINALS 

In  the  early  1960's,  the  motor  carrier  displaced  the  railroad  as 
the  dominant  mode  of  intercity  freight  transportation,  measured  in  terms 
of  total  tonnage  carried.  As  intercity  truck  traffic  has  increased  in 
importance,  a network  of  support  facilities  has  grown  up  alongside  the 
nation's  interstate  highway  system.  These  support  facilities,  commonly 
called  truckstops,  are  self-contained  units  capable  of  providing  a vari- 
ety of  fueling  and  support  services  in  times  of  emergency.  This  section 
provides  an  overview  of  the  nation's  truckstop  network,  discusses  the 
potential  role  of  these  truckstops  in  the  event  of  a crisis  relocation, 
assembles  a state-by-state  inventory  of  individual  truckstops,  and 
assesses  the  vulnerability  of  these  truckstops  to  damage  from  nuclear 
attack.  A more  thorough  treatment  of  current  and  potential  services 
provided  by  truckstops  may  be  found  in  Volume  III,  The  Role  of  Truck- 
stops  in  Crisis  Relocation.  This  more  detailed  treatment  also  discusses 
the  creation  of  a truckstop  owners'  emergency  organization  and  supplies 
an  itemized  listing  of  major  U.S.  truckstops. 


3.3.1  Overview  of  the  Truckstop  Network 

A survey  conducted  for  SYSTAN  by  the  National  Transportation  fuel- 
ing Corporation  identified  a total  of  2,682  truckstops  scattered 
throughout  the  U.S.  Exhibit  3.2  shows  the  location  of  these  truckstops 
along  major  intercity  shipping  routes.  The  typical  truckstop  is  open  24 
hours  a day,  seven  days  a week,  52  weeks  a year,  and  offers  far  more 
than  fuel  to  its  trucking  customers.  In  addition  to  fuel,  truckstops 
offer  garage  and  maintenance  facilities,  overnight  parking  space,  sleep- 
ing accomodations,  restaurant  operations,  retail  stores,  and  a variety 
of  communications  services.  The  location  of  the  listed  truckstops  has 
also  been  plotted  on  detailed  state  and  national  maps  in  this  reference. 


EXHIBIT  3.2:  U.S.  T&ITKSTOP  LOCATIONS 


3.3.2  Relative  Importance  of  Truckstops  in  Intercity  Cargo 
Movement 

It  is  estimated  that  truckstops  supply  about  68%  of  all  diesel  fuel 
used  by  tractor-trailer  combinations  in  intercity  operations  and  about 
56%  of  total  diesel  fuel  used  in  both  intercity  and  urban  operations. 
Most  large  and  many  medium-size  common  carriers  (classified  as  Class  1 
and  Class  II  by  the  Interstate  Commerce  Commission)  transporting  general 
freight  nationally  or  regionally  have  terminals  along  their  routes  which 
provide  some  of  the  same  services  for  their  own  drivers  and  vehicles  as 
truckstops  provide  for  other  trucks.  However,  relatively  few  general 
freight  carrier  firms  provide  sleeping  facilities  for  their  drivers. 
Moreover,  economic  considerations  and  union  restrictions  prevent  24-hour 
operation  of  these  terminals,  which  are  often  closed  over  weekends  and 
hoi idays. 

The  principal  users  of  the  truckstops  are  Class  I and  II  carriers 
of  special  commodities  and  household  goods.  Class  III  general  freight 
carriers  (under  $500,000  revenue),  and  interstate  carriers.  These 
carriers  do  not  usually  have  extensive  terminal  networks,  and  may  have 
only  a home-base  terminal  where  the  units  are  serviced,  refueled  and 
repaired.  Large  general  carriers  also  use  the  truckstops  on  weekends 
and  holidays  and  at  other  times  when  their  own  terminals  are  closed  or 
inconveniently  located. 


3.3.3  Current  Emergency  Role  of  Truckstops 

The  proximity  of  the  nation's  truckstops  to  the  interstate  highway 
system,  coupled  with  the  wide  range  of  services  offered  by  these  truck- 
stops,  makes  the  truckstop  an  ideal  source  of  emergency  aid  for  truckers 
and  travelers  on  interstate  and  other  major  highways.  During  the  severe 
snowstorms  that  blanketed  the  northeastern  United  States  during  the 
winters  of  1976-77  and  1977-78,  truckstop  operators  housed  stranded 
travelers,  coordinated  truck  convoys  to  ensure  the  safety  of  commercial 
cargo,  monitored  CB  channels  to  identify  critical  situations,  organized 
rescue  operations,  used  snoumobiles  to  take  fuel  to  stranded  vehicles, 
and  performed  many  other  activities  to  protect  the  traveling  public  and 
keep  commercial  traffic  moving. 


3.3.4  Potential  Role  of  Truckstops  in  Crisis  Relocation 
Planning 

The  relative  invulnerability  of  truckstops  to  nuclear  attack, 
coupled  with  their  importance  in  the  day-to-day  movement  of  intercity 
traffic,  make  them  a pivotal  resource  in  any  crisis  relocation  plan. 
The  role  of  risk  area  and  host  area  truckstops  under  crisis  relocation 
conditions  is  discussed  below. 


3.3.4.  1 


Risk  Area  Truckstops. 


Certain  truckstops  located  within  risk  areas  would  be  designated 
as  critical  and  would  remain  open  with  minimal  staffing  during  and  after 
relocation  (see  Volume  III).  Other  risk  area  truckstops  would  remain 
open  so  long  as  their  fuel  supplies  last  during  the  three-day  relocation 
effort  and  shut  down  on  the  final  day  of  relocation,  reporting  any 
remaining  fuel  supplies  to  appropriate  officials.  Mechanics  and  other 
staff  from  those  risk  area  truckstops  to  be  closed  following  relocation 
would  be  reassigned  to  host  area  truckstops,  which  would  control  the 
bulk  of  intercity  motor  carrier  movement  during  and  after  relocation. 


3. 3. 4. 2 Host  Area  Truckstops. 

In  keeping  with  the  general  desire  to  make  maximum  use  of  existing 
channels  in  developing  crisis  relocation  plans,  truckstops  located 
outside  risk  areas  should  be  designated  as  emergency  control  centers  for 
intercity  cargo  movement.  In  addition  to  their  traditional  roles  as 
fueling  points,  these  control  centers  would  also  act  as: 

- Checkpoints  for  the  rerouting  or  reassignment  of  essential  ship- 
ments; 

- Interim  consignment  points  for  non-essential  shipments; 

- Relay  points  for  drivers; 

- Coordination  and  reassignment  points  for  cabs  and  drivers:  and 

- Central  assignment  points  for  mechanics. 


3.3.5  Relative  Vulnerability  of  U.S.  Truckstops 

One  important  criterion  for  measuring  the  potential  utility  of 
truckstops  in  times  of  emergency  is  their  vulnerability  to  nuclear 
attack.  In  order  to  assess  this  vulnerability,  SYSTAN  assembled  data 
from  each  of  2,682  truckstops  for  purposes  of  damage  assessment  analy- 
sis. For  each  truckstop,  the  following  information  was  assembled: 

1.  Name; 

2.  Address; 

3.  Telephone  number;  and 

4.  Fuel  brand  sold. 

Each  truckstop  was  further  classified  as  either  Primary  (P)  or  Secondary 
(S)  according  to  the  following  criteria: 
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P - Primary  locations 


- Extensive  parking  (at  least  100  units  at  highway  locations) 

- Restaurants  (large,  approximately  100  seats  or  more) 

- Sleeping  accomodations  available  (except  toll  road  plazas) 

- Full  mechanical  facilities 

- Full  communications  facilities  (including  wire  service) 

- Ample  fuel  storage  capabilities  (at  least  50,000  gallons) 

S - Secondary  Locations 

- Adequate  parking  (at  least  25  units  for  urban  locations  and 
50  units  at  highway  locations) 

- Restaurants  (smaller  scale  but  adequate  for  location; 
approximately  30-50  seats) 

- Basic  mechanical  facilities 

- Basic  communications  facilities  (may  lack  wire  services) 

- Sleeping  accomodations  (either  directly  available  or  adjacent) 

- Adequate  fuel  storage  capability  (various  from  20-25,000 
gallons  and  upward) 

The  individual  truckstop  information,  which  was  assembled  on  a far 
broader  scale  than  uas  previously  available  from  any  source,  has  been 
coded  and  computerized  for  easy  sorting  and  access.  Volume  111  contains 
a computer-produced  listing  of  characteristic  data  for  each  truckstop 
arranged  by  state.  These  data  were  employed  in  a damage  assessment 
analysis  in  which  the  geographic  locations  of  each  of  the  2,682  truck- 
stops  surveyed  were  compared  with  the  blast  and  fallout  diagrams 
contained  in  the  DCPA  publication  entitled  "High  Risk  Areas"  (Reference 
12).  The  results  indicated  that  1,8-40  (68.  Gif)  of  the  truckstops  uould 
remain  undamaged,  while  23  (.86)4)  uould  sustain  only  slight  damage.  it 
was  also  determined  that  757  (28.2/C)  of  the  truckstops  were  located 
close  enough  to  the  center  of  the  blast  zones  that  they  would  not 
survive  the  postulated  attack.  An  additional  62  truckstops  (2. 3):)  were 
unaffected  by  the  blast  but  subject  to  fallout  effects.  The  truckstop 
vulnerability  assessment  is  summarized  on  a state-by-state  basis  in 
Table  3.1.  Since  over  69/C  of  all  U.S.  truckstops  can  be  expected  to 
survive  nuclear  attack  with  either  no  damage  or  very  slight  damage,  it 
can  be  seen  that  truckstops  constitute  a relatively  invulnerable  element 
of  the  nation's  transportation  network.  The  high  survival  rate  postu- 
lated by  this  figure  suggests  the  utility  of  truckstops  during  both  the 
crisis  relocation  and  postattack  periods.  To  make  maximum  use  of  this 
emergency  resource,  an  attempt  should  be  made  to  form  a voluntary  organ- 
ization of  truckstop  owners  capable  of  providing  fueling  capability  tor 
vehicles  and  havens  of  rescue  for  drivers  and  passengers  in  times  of 
crisis.  More  details  regarding  the  nature  and  mission  of  such  an  organ- 
ization may  be  found  in  the  concurrent  SYSTAN  investigation  "The  Role  of 
Truckstops  in  Crisis  Relocation,"  included  as  Volume  III  of  the  current 
report. 
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Rail  transportation  lacks  the  flexibility  of  road  transportation, 
and  the  nation’s  rail  network  has  far  fewer  alternative  routes  than  the 
road  network.  As  a consequence,  the  rail  network  will  prove  less  useful 
than  the  road  network  after  an  attack  which  damages  links  in  both 
networks.  However,  railways  will  still  play  a significant  part  in 
transportation  of  commodities  where  such  transport  is  possible.  The 
following  sections  survey  the  national  damage  situation,  the  Colorado 
damage  situation,  and  alternatives  for  use  of  the  railway  network  after 
the  postulated  attack. 


3.4.1  Nationwide  Damage  Situation 

It  is  expected  that  from  35%  to  55%  of  U.S.  rail  facilities  will 
remain  undamaged.  Specifically,  according  to  earlier  studies,  the 
percentage  of  preattack  facilities  inventory  expected  to  survive  is; 
switching  mechanisms,  37%;  classification  yards,  41%;  railroad  repair 
shops,  53%. 


In  general,  however,  short-term  rail  disruption  is  more  serious 
than  indicated  by  percentage  survival  of  various  categories  of  equipment 
and  facilities  because  these  percentages  "...do  not  reflect  uhat 
happened  at  critical  points  within  the  system"  (Reference  8). 

"In  analyzing  all  of  the  components  of  the  railroad  transportation 
system,  no  evidence  was  found  to  suggest  that  any  single  component  uould 
be  the  most  limiting  component  for  a wide  variety  of  attack  conditions. 
In  some  geographical  areas,  the  lack  of  adequate  classification  yards 
would  limit  system  capability;  in  other  areas,  the  lack  of  rail  lines 
uould  be  a limiting  factor"  (Reference  II). 

Data  based  on  the  UNCLEX-Char I i e attack  indicates  that  the  accessi- 
bility of  switching  and  line-haul  locomotives,  on  the  average,  uould 
increase  from  30%  to  50%  between  0+1  and  0+30.  The  accessibility  of 
switching  locomotives  alone  uould  increase  from  about  25%  to  about  40% 
between  D+1  and  0+30.  Indications  are  that  debris  removal  will  be  one 
of  the  major  tasks  to  be  carried  out  in  the  process  of  increasing  rail- 
road postattack  operational  capability.  In  general,  it  appears  that 
railroads  could  be  30%  to  50%  operational,  but  with  reduced  efficiency, 
within  30  days  after  an  attack  by  using  detour  routing  where  bridges  are 
destroyed . 


3.4.2 


At  the  local  level,  earlier  studies  indicate  that  most  major  urban 
areas  would  have  only  limited  rail  accessibility.  "In  most  target  areas 
rail  lines  uould  be  blocked  by  debris  or  rubble  at  many  locations  where 
the  rail  line  itself  would  probably  be  undamaged.  In  the  attacks  on 


metropolitan  areas,  it  appeared  that  large  sections  of  undamaged  track 
would  be  closed  because  of  debris."  (Reference  II) 

In  Colorado,  all  of  the  railroad  terminals  in  Denver  and  Colorado 
Springs  would  receive  moderate  to  heavy  blast  damage.  The  yards  of  the 
lines  serving  Denver  (i.e.,  Burlington  Nor thern-Co 1 orado  and  Southern, 
Denver  Rio  Grande  and  Western-Rock  Island,  Union  Pacific  and  A . T . £ 

S.F.,  all  sustain  blast  overpressures  of  more  than  10  psi.  The  lines 
serving  Colorado  Springs  (i.e.,  Denver  Rio  Grande  and  Western,  and  A . T . 

£ S.F.)  sustain  blast  overpressures  of  more  than  5 psi.  A sketch  of  the 
Colorado  rail  network  is  shown  in  Exhibit  3.3.  As  indicated  above,  due 
to  relatively  heavy  damage  to  rail  facilities,  Denver  and  Colorado 
Springs  could  expect  to  undergo  a critical  curtailment  of  rail  service 
in  the  immediate  postattack  period,  while  the  surviving  aggregate  inven- 
tories of  classification  yards,  tracks,  locomotives,  and  train  crews  are 
fitted  back  together  into  an  operating  system. 

Within  the  Denver  area,  shops  and  depots  would  be  heavily  damaged 
by  blast  and  fire.  Signals  would  be  damaged  and  there  would  be  no  elec- 
tric power.  Toppled  fuel  tanks  would  cause  added  fire  damage,  as  would 
overturned  petroleum  product  tankcars.  Approximately  80%  to  90%  of  the 
freight-cars  would  be  inaccessible  --  destroyed  by  blast  or  fire  or 
blocked  by  debris.  Rolling  stock  on  industry  tracks  would  be  particu- 
larly hard-hit  because  of  their  proximity  to  buildings  which  would  be 
destroyed  by  blast  or  fire.  Boxcars  are  generally  completely  destroyed 
at  5-6  psi  (References  2 and  15).  Railroad  locomotives  survive  better, 
but  many  would  be  rendered  unusable  after  the  attack  as  a result  of 
debris  on  rai 1 1 ines. 

Railroad  tracks  themselves  survive  relatively  well,  except  that  in 
the  vicinity  of  BN-C£S  and  UP  yards  which  would  sustain  some  damage. 

The  main  problem  is  that  of  debris  blocking  tracks.  Debris  could  proba- 
bly be  cleared  from  a single  line  through  the  Denver  area  in  a rela- 
tively short  time,  depending  upon  radiation  limitations.  Railroad  offi- 
cials estimate  that,  with  all  the  railroads  working  together,  5-10  miles 
of  new  temporary  track  could  be  laid  around  the  devastated  area  in 
approximately  one  month.  The  railroads  usually  have  on  hand  at  various 
locations  panels  of  track  or  flatcars  ready  for  use  in  time  of  washouts, 
derailments  or  other  emergencies.  Major  postattack  construction  of  new 
track  sections  would,  of  course,  require  more  workers,  materials  and 
time  than  repair  after  most  natural  disasters  or  derailments. 


3.4.3  Identification  of  Alternatives 

3.4.3. 1 Movement  of  Rail  Panels  to  the  Host  Area. 

Railroads  usually  have  flatcars  preloaded  with  rail  panels  (rails 
on  ties)  spotted  at  various  locations  in  order  to  repair  track  damage 
caused  by  washouts  and  derailments.  Where  such  preloaded  railcas  are 
in  the  risk  area,  they  should  be  moved  to  the  host  area  during  the 
crisis  relocation  period.  In  addition,  uhere  possible,  replacement 
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EXHIBIT  3.3:  COLORADO  RAIL  NETWORK 


Potential  emergency 
rai lyards 


rails  not  in  panel  form  could  be  loaded  on  flatcars  and  moved  to  the 
host  area  during  the  crisis  relocation  period. 


\ ^ 


3. 4. 3. 2  Survey  of  Little-Used  Track  for  Use  in  Postattack  Repair. 

During  the  precrisis  period,  some  preliminary  surveys  can  be  made 
of  the  little-used  track  or  sidings  in  the  risk  and  host  areas  which  may 
not  be  critical  to  goods  movement  and  which  could  be  used  for  repair  of 
damaged  track  sections  in  the  postattack  period. 


3. 4. 3. 3 Movement  of  Emergency  Generating  Equipment  to  Host  Area. 

Loss  of  electric  power  would  hamper  or  prevent  operations  in  most 
industries,  including  railroads.  Power  would  be  particularly  vital  for 
classification  yards  and  signaling  systems  if  rail  operations  are  to  be 
continued.  Uhere  possible  (without  disruption  of  essential  service), 
emergency  power  generating  equipment  should  be  moved  to  the  host  area 
during  the  relocation  period. 

| 

3.4. 3. 4 Movement  of  Critical  Rolling  Stock  to  Host  Area. 

As  noted  in  Chapter  2,  during  the  crisis  relocation  period  selected 
critical  rolling  stock  (such  as  engines)  should  be  moved  from  the  risk 
areas  to  the  host  areas.  Most  railroads  have  double  track  every  feu 
miles;  under  conditions  in  which  fewer  than  normal  trains  are  being 
operated,  some  of  these  double-track  sections  could  be  used  for  spotting 
or  "pulling  out"  critical  rolling  stock.  Uhere  available,  sidings  are 
preferable  for  this  purpose,  as  their  use  does  not  interfere  with  normal 
train  operations.  Possible  pullout  locations  on  each  railroad  serving 
Colorado  Springs  are  discussed  below  and  indicated  on  the  rail  system 
map  of  Exhibit  3.3. 

LLn.i9a-.PM if  is 

Union  Pacific  tracks  run  north  and  east  from  Denver.  Engines  or 
other  critical  rolling  stock  could  be  set  off  at  several  places  north  of 
Denver,  including  Ault,  Nunn  and  La  Salle  in  Weld  County.  Union  Pacific 
has  passenger  train  pullouts  at  these  points.  It  should  be  noted, 
however,  that  La  Salle  is  at  the  edge  of  the  Greely  risk  area.  On  the 
Union  Pacific  track  between  Denver  and  Salina,  Kansas,  rolling  stock 
could  be  set  out  at  Limon  in  Lincoln  County.  The  Limon  location  could 
also  be  used  for  the  same  purpose  by  Rock  Island  Railroad,  which  runs 
east  from  Colorado  Springs. 


f 
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t 
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&gnv.er,__Rio  Grande  and  Western  (OERG-W) 

DERG-W  lines  run  west  and  south  from  Denver.  Engines  or  other 
critical  rolling  stock  could  be  set  off  at  several  places  nest  of 
Denver,  including  Winter  Park,  Eraser,  Tabernash,  and  Granby  and  Sulphur 
Springs  in  Grand  County.  On  the  OERG-W  track  between  Denver  and  Colo- 
rado Springs,  rolling  stock  could  be  set  out  at  Monument  in  El  Paso 
County.  On  the  track  going  south  from  Colorado  Springs,  rolling  stock 
could  be  pulled  out  at  Walsenburg  in  Huerfano  County,  south  of  Pueblo. 

Mshins<?rh_I.pEgkfi-.aad  Santa  (atese) 

ATESE  lines  run  south  out  of  Denver  through  Colorado  Springs  to 
Pueblo  and  then  east  to  Kansas.  ATCSF  tracks  also  run  from  Trinidad 
east  through  La  Junta  to  Kansas.  Engines  or  other  critical  rolling 
stock  could  be  set  off  at  Monument  in  El  Paso  County.  A double  set  of 
tracks  runs  the  entire  distance  from  Denver  to  the  Air  Force  Academy. 

Burlington  Northern-Col orado  Southern  (BN-CS) 

The  BN-CS  tracks  run  north  and  west  out  of  Denver.  Engines  and 
other  critical  rolling  stock  could  be  set  off  at  Loveland  and  Fort 
Collins  north  of  Denver  in  Larimer  County.  On  the  BN-CS  track  west  of 
Denver,  rolling  stock  could  be  set  out  at  Tenville,  Hudson,  Keenesburg, 
Crest  and  Wiggins.  Also,  BN-CS  uses  the  Santa  Fe  track  between  Denver 
and  Colorado  Springs. 

In  general,  railroad  officials  do  not  see  a problem  in  having  space 
to  set  out  critical  rolling  stock.  The  view  of  most  railroad  officials 
interviewed  is  that  "we  will  find  a place  to  put  it."  Most  railroads 
have  double  track  or  sidings  every  feu  miles  in  order  to  allow  trains  to 
pass.  Also,  in  time  of  emergency,  there  would  be  no  need  to  use  only 
company-owned  track.  In  fact,  under  normal  conditions,  it  is  common 
practice  for  railroads  to  have  agreements  with  each  other  for  the  use  of 
their  track. 


3. 4. 3. 5 Identify  Key  Host-Area  Railroad  Terminals  and  Plan  for  Expan- 
sion. 

The  problem  of  loading  and  unloading  freight-cars  could  be  a very 
serious  one  if  terminals  are  badly  damaged  or  destroyed  in  an  attack  on 
urban  centers.  Key  host-area  terminals  should  be  identified  and  their 
expansion  planned,  including  planning  for  the  provision  of  materials- 
handling  equipment. 

In  Colorado,  several  possible  transfer  points  outside  the  risk  area 
have  been  identified.  In  the  preceding  subsection,  various  critical 
rolling  stock  pullout  points  along  the  route  of  each  railroad  serving 
Denver  and  Colorado  Springs  have  been  identified.  Some  of  these  points 
could  serve  as  key  terminals  for  loading  and  unloading  cargo  in  the 
postattack  period  when  risk  area  terminals  are  inaccessible.  These 
possible  locations  are  listed  in  Table  3.2  and  listed  in  Exhibit  3.3. 
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3.5 


SUMMARY 


3.5.1  Road  Network 

Earlier  studies  have  determined  that,  at  the  national  level  for  the 
range  of  attack  studied,  major  rail  and  highway  links  were  cut  in  every 
major  city  targeted.  It  was  determined,  however,  that  detour  routing 
around  damaged  areas  could  usually  be  found. 

In  the  past,  relatively  little  work  has  been  done  to  estimate  the 
additional  travel  distance  required  in  detouring  around  damaged  roads. 

In  a preliminary  sample  analysis  of  four  states,  SYSTAN  determined  that 
postattack  increases  in  interstate  mileage  ranged  from  15  to  34  percent. 
In  some  states,  such  as  California,  certain  regions  of  the  state  are 
liable  to  be  effectively  cut  off  from  road  and  rail  access  to  other 
regions. 

The  damaged  road  network  will  require  that  in  many  instances 
secondary  routes  be  taken;  since  average  speeds  will  be  less  than  those 
on  major  routes,  overall  trip  time  will  be  increased.  Increases  in  a 
sample  of  three  states  ranged  from  2251  to  38H. 

A preliminary  analysis  of  Colorado  postattack  commodity  movements 
revealed  transport  distance  increases  of  25/C  for  wheat,  22%  to  41%  for 
petroleum,  and  90%  for  milk.  However,  this  analysis  was  limited  in 
scope  to  the  Colorado  Springs  study  area.  A nationwide  commodity  move- 
ment model  is  needed  as  a basis  for  quantifying  the  increases  in  trans- 
portation distances,  vehicle  requirements,  and  fuel  consumption  result- 
ing from  a range  of  different  attack  patterns. 


3.5.2  Truckstoos  and  Terminals 

The  more  than  3,000  truckstops  located  along  the  nation's  highway 
system  are  important  resources  in  crisis  relocation  and  postattack  plan- 
ning. In  the  two  decades  since  they  have  become  a prominent  part  of  the 
intercity  transportation  picture,  truckstops  have  proven  themselves  to 
be  an  invaluable  source  of  emergency  assistance  to  travelers  and  commer- 
cial truckers  in  natural  disasters.  The  relative  invulnerabi 1 i ty  of 
truckstops  to  nuclear  attack  coupled  with  their  importance  in  the 
day-to-day  movement  of  intercity  traffic  make  them  a valuable  resource 
in  any  crisis  relocation  plan.  Under  crisis  relocation  conditions, 
certain  truckstops  located  within  the  risk  area  would  be  designated  as 
critical  and  would  remain  open  with  minimal  staffing  during  and  after 
relocation.  Other  risk  area  truckstops  would  remain  open  so  long  as 
their  fuel  supplies  last  during  the  three-day  relocation  effort  and  shut 
down  or  the  final  day  of  relocation.  Truckstops  located  within  the  host 
areas  would  be  designated  as  emergency  control  centers  for  intercity 
cargo  movement.  In  addition  to  their  traditional  roles  as  fueling 
points,  these  control  centers  would  also  act  as:  Cl)  checkpoints  for 
rerouting  or  reassignment  of  essential  shipments;  (2)  interim  consign- 
ment points  for  non-essential  shipments;  (3)  relay  points  for  drivers; 


(4)  coordination  and  reassignment  points  for  cabs  and  drivers;  and  (5) 
central  assignment  points  for  mechanics. 

To  make  maximum  use  of  truckstops  as  an  emergency  resource,  an 
attempt  should  be  made  to  form  a voluntary  organization  of  truckstop 
owners  capable  of  providing  an  emergency  fueling  capability  for  vehicles 
and  havens  of  rescue  for  drivers  and  passengers  in  times  of  crisis. 

Such  an  organization  could  add  several  billion  dollars  to  the  emergency 
preparedness  posture  of  the  country  at  little  cost  to  the  government, 
and  help  ensure  that  the  nation’s  most  versatile  mode  of  freight  trans- 
portation uould  continue  to  operate  efficiently  in  times  of  stress. 


3.5.3  Ra i I Network 

Earlier  studies  indicate  that  if  an  attack  wore  to  occur,  nation- 
wide rail  facility  damage  uould  be  relatively  heavy,  with  41%  of  the 
classification  yards  and  53%  of  the  repair  shops  surviving.  Overall,  it 
appears  that  the  rail  system  could  be  30'.  tn  f.0%  operational,  but  with 
reduced  efficiency,  within  30  days  after  the  postulated  attack. 

In  Colorado  Springs,  rail  facilities  would  also  be  seriously 
damaged  by  the  attack,  but  Colorado  Springs  facilities  uould  be  less 
severely  damaged  than  those  in  Oenver.  In  general,  short-term  rail 
disruption  is  more  serious  than  indicated  by  percentage  survival  of 
various  categories  of  equipment  and  facilities  because  these  percentages 
do  not  reflect  what  happens  at  critical  points  within  the  system. 

During  the  immediate  postattack  period,  railroad  operation  will  be 
impaired  due  to  damage  to  critical  components  and  to  the  inaccessibility 
of  undamaged  track.  Due  to  the  lack  of  flexibility  of  rail  transporta- 
tion, trucks  will  carry  a major  share  of  the  intercity  cargo  in  the 
immediate  postattack  period. 

The  simplest  transportation  alternative  that  might  lie  adopted 
following  a nuclear  attack  would  entail  the  use  of  detour  routings  to 
avoid  roadways  and  railways  that  have  been  damaged  bv  blast  or  blocked 
by  debris.  The  use  of  detour  routings  could  be  required  in  both  long- 
haul  and  short-haul  shipping  following  a nuclear  attack. 

Key  host  area  terminals  which  could  be  expanded  in  times  of  crisis 
should  be  identified  in  the  preattack  period,  and  plans  for  the  expan- 
sion of  these  terminals  should  be  incorporated  in  the  appropriate  host 
area  planning  documents.  Terminals  outside  the  risk  area  which  may  be 
used  as  intermodal  transfer  points  should  also  be  identified  and  plans 
made  for  their  expansion. 

During  the  crisis  relocation  period,  such  critical  rolling  stock  as 
switch  engines  and  line-haul  locomotives  should  lie  moved  from  the  risk 
areas  to  the  host  areas.  Possible  host  area  locations  where  this  crit- 
ical rolling  stock  may  be  stored  should  be  identified  in  the  appropriate 
planning  documents. 
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Railroads  usually  have  flatcars  preloaded  with  rail  panels  (on 
ties)  spotted  at  various  locations  in  order  to  repair  track  damage 
caused  by  washouts  and  derailments.  Where  such  panels  are  in  the  risk 
area,  they  should  be  moved  to  the  host  area  during  the  crisis  relocation 
period.  In  addition,  where  possible  without  disruption  of  essential 
service,  emergency  power-generating  equipment  should  be  moved  to  the 
host  area  during  crisis  relocation. 

In  general,  there  will  be  considerable  curtailment  of  rail  service 
during  the  immediate  postattack  period  due  to  damage  and  debris,  and  a 
greater  share  of  the  nation's  cargo  will  initially  be  carried  by  the 
more  flexible  trucking  system.  Adequate  planning  and  training  in  the 
preattack  period  and  efficient  management  of  vehicles  and  facilities  in 
the  postattack  period  will  be  essential  to  the  successful  operation  of 
the  nation's  rail  network  following  an  attack. 
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4.  FUEL  FOR  TRANSPORTATION 


This  section  summarizes  fuel  distribution  patterns  before,  during 
and  after  relocation  and  assesses  the  attack  damage  suffered  by  the 
reconfigured  distribution  system.  Fuel  needs  during  the  postattack 
period  are  estimated  and  alternative  means  of  meeting  these  needs  are 
identified  and  evaluated.  This  section  focuses  on  the  distribution  of 
those  petroleum  products  most  important  to  the  transportation  industry: 
gasoline  and  diesel  fuel.  The  reader  interested  in  a discussion  of  tiie 
total  petroleum  distribution  system  from  a defense  standpoint  is  refer- 
red to  the  report,  "Vulnerability  of  Total  Petroleum  Systems,"  prepared 
for  the  Defense  Civil  Preparedness  Agency  by  the  U.S.  Department  of  the 
Interior  (Reference  16). 


4 • 1 OVERVIE U OF  THE  DIS1RIBUT10N  SYS  T FM 

Both  the  United  States  and  the  State  of  Colorado  rely  heavilv  on 
outside  sources  for  *heir  petroleum  supply.  Current  U.S.  petroleum 
consumption  rates  ate  about  16  to  17  million  barrels  per  day;  of  this, 
about  8-1/2  million  barrels  per  day  are  from  domestic  production,  while 
the  remainder  is  imported.  Alaska  will  add  about  one-million  barrels 
per  day  to  domestic  production  figures. 

Only  about  30  percent  of  Colorado's  gasoline  needs  are  met  from 
within  the  State;  the  remainder  is  imported  from  Kansas.  Montana,  Texas 
and  Wyoming  (Reference  15).  At  the  local  level,  Colorado  Springs  must 
satisfy  all  its  fuel  needs  by  importing  fuel  from  Denver,  either  by  tank 
truck  or  pipeline.  The  flow  of  fuel  into  Colorado  Springs  is  graphed  in 
Exh i b i t 4.1. 


4.1.1  Colorado  Supply  and  Distribution 
4.  1 . 1 . 1 Crude  Supp I y . 

All  the  crude  oil  produced  and  refined  within  Colorado  moves  by 
tank  car  or  truck  to  the  refineries,  while  all  the  crude  oil  brought 
into  the  State  tor  refining  moves  uy  pipeline. 

There  are  three  refineries  in  Colorado,  the  two  largest  of  which 
are  in  Denver.  Operating  data  on  these  Colorado  refinerns  is  shown  in 
Table  4.1.  These  three  refineries  can  accommodate  about  60,000  barrels 
per  day  of  crude  oil,  and  typically  produce  an  output  of  about  30,0(0 
barrels  per  day  of  gasoline,  with  diesel  and  other  products  leaking  up 
the  balance. 
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From  Wyoming 


Pipeline  Terminal 
Storage 

(3  day  capacity) 

(1.5  day  avg . inventory)- 


From  Denver:  2 refineries 

and  4 product  pipeline  terminals 


Tank  Truck 
(50%) 


GQGQ0BQ 

DGGDQB 

13  Bulk  Terminals  (2  day  capacity) 

(1  day  avg.  inventory) 


rffin  rSrm  [?>r> 


284  Gasoline  Service  Stations 
(16  day  capacity) 

(8  day  avg.  inventory) 


Capacities  and  Inventories  Measured  in  Terms  of 
1974  Daily  Consumption  Rate  of  328,767  gal/day. 
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SURVEY  OF  OPERATING  REFINERIES  IN  THE  U.S.  AND  COLORADO 


SYSTAN 


4.  1.  1.2 


Product  Distribution. 


Four  pipelines  bring  petroleum  products  into  Colorado  from  refiner- 
ies outside  the  State,  and  one  pipeline  (Wyco)  brings  refined  products 
from  Wyoming  through  Denver  to  a terminal  at  Fountain  (just  outside 
Colorado  Springs).  Table  4.2  shows  the  details  of  product  pipeline 
movement  into  Colorado. 

Gasoline  and  diesel  fuel  are  distributed  from  refineries  and  pipe- 
line terminals  by  tank  truck  to  service  stations.  Colorado  has  over 
3,300  of  these  stations,  distributed  roughly  in  accordance  with  the 
State  population.  In  Colorado  Springs,  there  are  approximately  284 
service  stations  selling  gasoline  and  diesel  fuel  directly  to  the 
publ ic. 


4.1.2  Demand 

In  1974,  motorists  in  the  Colorado  Springs  area  used  120  million 
gallons  of  gasoline,  while  those  in  Canon  City  and  Florence  (both  in  the 
Fremont  County  host  area)  used  6.5  million  gallons  (Reference  17).  In 
the  State  of  Colorado,  1,408  million  gallons  of  gasoline  were  consumed 
in  1974  and  110,700  million  gallons  were  used  nationwide  (Reference  18). 
In  terms  of  population  and  vehicles,  Colorado's  gasoline  consumption 
represents  578  gallons  per  capita  and  777  gallons  per  registered  motor 
vehicle.  Comparable  figures  for  nationwide  consumption  were  528  gallons 
per  capita  and  881  gallons  per  registered  motor  vehicle.  The  use  of 
diesel  fuel  for  transportation  is  a relatively  small  and  constant 
proportion  of  gasoline  use.  On  a national  basis,  on-highway  sales  of 
diesel  fuel,  used  primarily  by  large  trucks  and  buses,  amounted  to  8.5 
percent  of  gasoline  gallonage  while  in  Colorado,  gallons  of  diesel  fuel 
sold  amounted  to  6.5  percent  of  gasoline  gallonage  sold  in  the  State 
(Reference  19). 


4.1.3  lny.en.tor  i es 

4. 1.3.1  Risk  Area  Inventories. 

To  summarize  the  normal  situation  in  the  Colorado  Springs  area, 
petroleum  product  moves  in  about  equal  quantities  either  by  pipeline  or 
by  tank  truck  from  Denver  to  terminals  in  Colorado  Springs.  Storage 
tanks  at  the  pipeline  terminal  have  sufficient  capacity  to  store  about 
six  days'  normal  demand  for  that  half  of  the  population  receiving  its 
gasoline  from  the  pipeline.  The  other  half  of  the  population  is  serv- 
iced through  secondary  bulk  terminals,  with  a total  capacity  equal  to  a 
four-day  supply.  From  the  pipeline  and  secondary  storage  terminals, 
gasoline  and  diesel  products  are  distributed  by  tank  truck  and  sold 
through  about  284  gasoline  stations  in  El  Paso  County.  Inventories  at 
the  gasoline  stations  average  about  an  eight-day  supply,  and  the  average 
automobile  carries  a 4.75-day  supply.  In  Colorado  Springs,  then,  there 


TABLE  4.2:  Pt  TROLEUM  PRODUCT  PIPELINES  INTO  COLORADO 


Source:  Discussion  with  Denver  FEA  officials. 


is  an  average  inventory  of  14  days'  supply  of  motor  fuel,  measured 
against  normal  usage  patterns.  This  inventory  is  located  in  automo- 
biles, service  stations,  secondary  bulk  terminals,  and  the  pipeline 
terminal,  all  points  which  are  readily  accessible  under  emergency  condi- 
tions. 


4. 1.3.2  Host  Area  Inventories. 

Secondary  bulk  terminals  and  gasoline  stations  within  the  Colorado 
Springs  host  area  receive  their  fuel  supplies  entirely  by  truck.  A 
survey  of  these  terminals  and  stations  reveals  that  the  average  bulk 
terminal  has  a storage  capacity  of  27,400  gallons  of  gasoline  and  12,000 
gallons  of  diesel  fuel.  The  average  host  area  service  station  has  a 
storage  capacity  of  11,100  gallons  of  gasoline.  The  location  of  host 
area  stations  and  bulk  storage  facilities  has  been  charted  by  SYSTAN  as 
part  of  earlier  research  to  develop  a prototype  plan  for  evacuating  the 
Colorado  Springs  risk  area  (Reference  6). 

Measured  in  terms  of  normal  fuel  consumption  rates,  host  area  gaso- 
line stations  have  an  average  of  8-1/4  days  of  inventory  on  hand.  This 
assumes  storage  tanks  are  half-full  on  the  avei  <ge,  and  compares  favora- 
bly with  the  average  inventory  of  eight  days  computed  for  risk  area 
gasoline  stations.  Secondary  bulk  terminals  have  an  average  of  4-3/4 
days  of  gasoline  on  hand.  This  figure  is  higher  than  that  computed  for 
secondary  storage  in  the  risk  area,  and  suggests  that  inventories  in 
secondary  terminals  may  increase  as  the  distance  from  the  source 
increases.  The  secondary  storage  capacity  for  diesel  fuel  available  in 
the  host  area  nearly  equals  that  available  in  the  risk  area,  and  the 
number  of  diesel  fuel  pumps  available  in  the  host  area  is  nearly  ten 
times  the  number  available  for  public  use  in  the  risk  area.  The  greater 
availability  of  diesel  fuel  outlets  in  the  host  area  reflects  the 
greater  use  of  diesel  fuel  in  intercity  trucking  and  the  need  for  diesel 
fuel  stops  along  major  intercity  routes.  Furthermore,  statistics  on 
diesel  fuel  storage  within  the  risk  area  do  not  include  private  storage 
tanks  maintained  by  trucking  companies,  bus  operators,  and  military 
instal lations. 


UL'JIUUV 


Fuel  requirements  before,  during  and  after  crisis  relocation  in  both 
the  risk  and  host  areas  of  Colorado  Springs  are  depicted  in  Exhibit  4.2. 
The  total  normal  fuel  consumption  figures  shown  in  this  exhibit  were 
developed  in  an  earlier  SYSTAN  study  (Reference  6)  and  reflect  the 
actual  recorded  fuel  consumption  statistics  for  Colorado  Springs  risk 
and  host  areas  in  1974.  These  total  figures  were  divided  into  their 
component  parts  to  provide  a basis  for  assessing  fuel  requirements 
during  and  after  relocation.  The  primary  components  of  normal  fuel 
consumption  are  personal  and  goods  movement.  Personal  movement  is 
further  subdivided  into  work  trips,  family  business  trips,  social  and 
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recreational  trips,  and  education  trips.  Goods  movement  is  subdivided 
into  tuo  major  categories:  intercity  trucking  and  local  trucking. 

Exhibit  4.2  shows  that  the  total  fuel  requirements  in  The  risk  and 
host  areas  drop  below  normal  daily  requirements  both  during  and  aftei 
relocation.  As  may  be  expected,  however,  fuel  requirements  in  the  host 
area  increase  during  and  after  relocation,  while  risk  area  fuel  require- 
ments drop  markedly  as  relocation  progresses.  The  estimates  of  fuel 
needs  during  and  after  relocation  shown  in  Exhibit  4.2  reflect  fairly 
pessimistic  assumptions  regarding  the  need  for  personal  travel  following 
relocation.  These  estimates  may  be  lowered  substantially  by  curtailing 
persona)  travel  following  relocation  and  introducing  strict  fuel 
conservation  measures.  The  nature  and  impact  of  such  measures  are 
discussed  at  length  in  an  earlier  SYSTAN  report  (Reference  6). 

Since  the  demand  for  motor  fuel  during  and  after  relocation  is  not 
likely  to  exceed  normal  demand,  the  chief  fuel  problem  under  relocation 
conditions  will  be  one  of  redirecting  the  flow  of  gasoline  from  risk 
areas  to  host  areas  so  that  supplies  are  available  where  they  are  needed 
and  reserves  may  be  built  up  in  relatively  invulnerable  locations. 


4.3  DAMAGE  ASSESSMENT 

There  are  three  vulnerable  fixed  components  in  the  petroleum 
processing  and  distribution  system:  refineries,  pipelines,  and  storage 
tanks.  The  damage  to  each  of  these  components  is  summarized  in  Exhibit 
4.3  and  discussed  in  the  following  paragraphs. 


4.3.1  Refineries 

On  a nationwide  basis,  it  is  estimated  that  onlv  31%  of  the 
nation's  refineries  would  survive  the  UNCLEX -CHARI. I E attack.  Details  of 
this  assessment  may  be  found  in  Appendix  Table  B-1.  At  the  state  level 
in  Colorado,  the  two  refineries  located  in  Denver  would  sustain 
overpressures  of  10-15  psi  in  an  attack.  On  the  basis  of  the  analytic 
guidelines  developed  by  Stephens,  both  of  these  refineries  would  be 
destroyed.  Stephens'  analysis  indicates  that  the  majority  of  refinery 
components  would  sustain  major  damage  at  10.0  psi.  and  virtually  all 
components  are  damaged  or  rendered  inoperable  at  less  than  15.0  psi.  In 
addition,  it  is  likely  with  this  ts’pe  of  heavy  damage  that  the  supply  of 
electric  power  uould  be  interrupted,  thus  removing  an  input  factor  crit- 
ical to  refinery  operation. 

Stephens  points  out  the  interconnectedness  of  the  damage  to  refin- 
eries: 


"The  control  house  along  with  the  water  cooling  systems,  switch 
gear  equipment  and  hydraulic  lines  are  usually  first  to  go.  And 
once  seriously  damaged,  the  likelihood  of  plant  operation  in  months 
i s s 1 i m . " - 
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EXHIBIT  4.2 


FUEL  NEEDS  BEFORE.  DURING,  AND  AFTER  RELOCATION 


EXHIBIT  4.3 


SURVIVAL  OF  FUEL  SUPPLY 
AND  DISTRIBUTION  FACILITIES 


Nationwide 

Survival 

Survival  of  All 

Survival 

Within  Colorado 

Colorado  Sources 

Refineries 

31% 

16% 

60% 

Bulk  Storage 

30% 

39% 

Pipelines  --  All  Denver  terminals  Chase  pipeline 

destroyed;  La  Junta  damaged  at  source; 
and  Fountain  ter-  remaining  pipe- 

mi  nals  survive  with  lines  escape  dam- 
slight  damage.  aae  at  all  points 

outside  Colorado. 


Even  if  a refinery  is  theoretically  only  one-third  destroyed,  if  the 
crude  distillation  portion  is  the  one-thiro  that  is  destroyed,  the 
entire  plant  is  out  of  operation. 


The  Conoco  and  Refinery  Corporation  refineries  in  Denver  have 
capacities  of  30,000  and  20,500  barrels  per  day  respectively;  this 
refinery  capacity  uould  be  lost  in  the  postulated  attack.  The  Gary 
Refinery  near  Grand  Junction  in  Mesa  County  has  a capacity  of  9,500 
barrels  per  day.  This  small  refinery  should  remain  undamaged,  and  could 
continue  to  function  assuming  crude  were  available. 


4.3.2  Pipe! ines 


I 


Pipelines  are  a critical  part  of  the  fuel  supply  system.  Espe- 
cially important  are  key  pumping  and  compressor  stations  upon  uhich  the 
continuous  operation  of  the  oil  and  gas  pipeline  system  depends.  Pipe- 
lines underground  should  sustain  little  or  no  damage.  Damage  to  pipe- 
line facilities  above-ground,  however,  con  be  compared  to  damage  to 
certain  components  of  a refinery.  Pipeline  instrumentation  can  be 
compared  to  refinery  instrumentation.  Damage  to  refinery  controls 
occurs  at  3.0  psi  and  the  instrument  cubicle  is  overturned  or  destroyed 
at  5 psi.  Damage  to  above-ground  pipes  could  occur  at  3.5  to  6.5  psi. 
Pipeline  operation  requires  electricity;  debris  missile  damage  occurs  to 
transformers  at  4.5  psi  and  power  lines  are  severed  at  7.5  psi.  Central 
city  power  sources  or  distribution  systems  could  also  be  out  (Reference 
16). 

Tor  this  study,  "moderate  damage"  was  indicated  for  those  pipeline 
installations  where  overpressures  ranged  betueen  two  and  five  psi  and 
"light  damage"  was  indicated  for  overpressures  below  2 psi.  As  indi- 
cated above,  controls  in  the  instrument  cubicle  can  be  damaged  at  3 psi. 
It  is  assumed  this  type  of  damage  could  be  repaired  in  a relatively 
short  time.  Debris  missile  damage  to  electric  motors  could  occur  at  5 
psi . 


The  Wyco  pipeline  facilitates  south  of  Fountain  should  receive  only 
light  damage  in  the  postulated  attack,  and  it  assumed  to  retain  1 0 054 
t capacity  capability.  The  Phillips  terminal  of  the  Phi  1 1 ips-Shamrock 

east  of  La  Junta  should  receive  only  moderate  damage,  and  is  assumed  to 
be  operational  at  50X  capacity  within  a reasonably  short  time  after  the 
postulated  attack.  Exhibit  4.4  shows  blast  and  fallout  areas  in  rela- 
tion to  Colorado  refineries  and  pipeline  systems. 


4.3.3  Storage  Tanks 

Primary  petroleum  storage  tanks  are  located  at  the  pipeline  termi- 
nals in  Denver,  Fountain  (south  of  Colorado  Springs),  and  La  Junta 
(Otero  County).  The  total  capacity  of  these  primary  tanks  is  approxi- 
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mately  1,100,000  barrels  (Table  4.2).  The  tanks  in  Denver  would  be 
destroyed  by  the  postulated  attack.  The  tanks  at  Fountain  would  receive 
only  slight  damage,  and  are  assumed  to  retain  1002  capacity  capability, 
while  the  tanks  at  La  Junta  would  receive  only  moderate  damage  and  are 
assumed  to  be  operational  at  502  capacity  soon  after  the  postulated 
attack . 

Secondary  bulk  storage  tanks  are  located  in  both  the  risk  and  non- 
risk areas.  Colorado  secondary  storage  in  the  risk  areas  totals  about 
170,000  barrels,  with  an  overall  average  survival  rate  of  about  M2. 
Non-risk  area  secondary  storage  totals  about  500,000  barrels;  it  is 
assumed  that  all  non-risk  area  secondary  storage  will  survive.  Overall, 
approximate! y 392  of  Colorado’s  primary  and  secondary  fuel  storage 
capacity  is  expected  to  survive  the  postulated  attack. 

Relative  to  volume  of  fuel  consumed,  secondary  bulk  storage  capac- 
ity is  much  greater  in  the  host  areas  than  in  the  risk  areas  (e.g., 
Denver  and  Colorado  Springs).  This  is  because  there  is  a greater 
proportion  of  large  retail  service  stations  in  major  urban  centers. 

These  large  stations  can  accept  full  loads  from  8,000-9,000  gallon 
tank-trucks  which  deliver  directly  from  the  primary  bulk  terminals.  The 
storage  tanks  of  most  host  area  service  stations  are  not  large  enough  to 
accept  full  tank-truck  loads,  and  therefore  most  are  supplied  from 
secondary  bulk  depots  in  the  host  areas.  A feu  large  stations  in  the 
host  areas,  however,  receive  tank-truck  loads  directly  from  the  primary 
bulk  terminals. 

Blast  resistance  of  fuel  storage  tanks  is  low.  A nuclear  air  blast 
of  a one  megaton  weapon  detonated  at  optimum  height  4-1/2  miles  away 
would  damage  most  tank  installations.  Ladders  on  tanks  become  flying 
missiles  at  10  psi  overpressure.  A full  tank  is  less  susceptible  to 
damage  than  an  empty  one  but,  for  damage  assessment  purposes,  it  is 
generally  assumed  that  all  tanks  are  half-full.  Tanks  uplift  between 
3.5  and  6.5  psi.  Floating  roof  tanks  of  the  pontoon  type  can  stand  up 
to  higher  overpressure.  Damage  may  result,  however,  from  flying  steel 
which  may  penetrate  the  side  walls  of  even  a relatively  strong  tank. 


4.3.4  Summary  of  Damage  to  Facilities 

It  can  be  seen  that  damage  to  the  Colorado  petroleum  supply  would 
he  substantial.  The  postulated  attack  would  leave  the  two  major  refin- 
eries and  four  pipeline  terminals  in  Denver  destroyed,  and  the  small 
refinery  near  Grand  Junction  undamaged.  Key  pumping  and  compressor 
stations  in  Denver  would  be  destroyed  in  the  postulated  attack.  The 
pipeline  terminal  (tanks  and  pumps)  at  Fountain,  near  Colorado  Springs, 
would  sustain  light  damage  and  could  probably  be  functioning  fairly  soon 
after  the  attack.  It  is  possible,  however,  that  the  Fountain  terminal 
would  be  temporarily  inoperative  because  of  damage  to  the  Uyco  pipeline 
in  Denver  and  Colorado  Springs. 


As  shoun  in  Exhibit  4.3,  although  refinery,  storage  and  pipeline 
facilities  are  hard-hit  within  Colorado,  survival  of  all  Colorado 
sources  is  605(.  The  Chase  pipeline  is  damaged  at  its  source  in  Kansas, 
but  the  remaining  pipelines  escape  damage  at  all  points  outside  Colo- 
rado. Table  4.3  shows  possible  immediate  postattack  fuel  supply 
sources,  assuming  damaged  pipeline  terminals  are  bypassed  with  trucks. 
Although  60 7.  of  all  Colorado  fuel  sources  will  survive  the  attack,  this 
does  not  mean  Colorado  will  receive  6051  of  its  normal  supply.  As  noted 
above,  U.S.  refinery  survival,  based  on  the  UNCLEX-Char 1 i e attack,  is 
approximately  3051.  Federal  regulations  (as  set  forth  in  the  Federal 
Energy  Guidelines,  Reference  29)  require  that  all  states  be  treated 
equally  in  times  of  crisis.  For  planning  purposes,  therefore,  it  should 
be  assumed  that  federal  allocation  procedures  will  limit  Colorado's 
postattack  fuel  supplies  to  3051  of  the  state's  preattack  supply,  the 
national  average. 


4.4  FUEL  SUPPLY  ANfl  REQUIREMENTS  UNDER  POSTATTACK  CONDITIONS 

In  the  immediate  postattack  period,  it  is  likely  that  there  will  be 
a serious  shortage  of  fuel,  with  a supply  at  the  national  level  and 
local  levels  of  approximately  3051  of  the  preattack  average.  Severe 
shortages  will  require  appropriately  strict  controls,  including  impound- 
ment of  relocatee  automobiles.  Some  restriction  of  cargo  shipments  may 
be  necessary,  but  there  should  be  sufficient  fuel  for  the  shipment  of 
food  and  other  essential  items. 

Since  much  of  the  nation's  ordinary  consumption  of  motor  fuel  is 
non-essential  and  could  be  eliminated  by  strict  controls  in  time  of 
emergency,  the  survival  of  30/4  of  the  supply  system  should  be  adequate 
to  meet  essential  needs.  It  is  impossible  to  compute  the  precise  demand 
for  fuel  following  an  attack  without  a nationwide  model  of  commodity 
movement  such  as  that  discussed  earlier  in  this  report.  Moreover, 
reconstruction  activities  during  the  postattack  period  will  place 
demands  on  the  transportation  system  that  do  not  resemble  peacetime 
demand  patterns.  Nonetheless,  it  may  be  instructive  to  consider  the 
surviving  inventories  in  the  Colorado  Springs  host  area  in  the  light  of 
the  normal  gasoline  consumption  levels  for  both  risk  and  host  areas. 
Table  4.4  summarizes  transportation  fuel  requirements  for  the  Colorado 
Springs  risk  and  host  areas  before,  during  and  after  crisis  relocation. 
This  table  shows  that,  if  personal  vehicles  are  impounded  following 
relocation  and  the  critical  work  force  commuting  to  the  risk  area  is 
limited  to  8%  of  the  normal  work  force,  fuel  requirements  for  the  Colo- 
rado Springs  risk  and  host  areas  could  be  reduced  to  161,200  gallons  per 
day,  or  roughly  365;  of  normal  usage. 

The  retail  gasoline  stations  and  secondary  bulk  storage  tanks  in 
the  Colorado  Springs  host  area  have  a capacity  for  4.5  million  gallons 
of  gasoline  and  1.0  million  gallons  of  diesel  fuel,  or  5.5  million 
gallons  of  motor  fuel.  Assuming  these  tanks  tu  be  half-full  on  the 
average,  then,  2.75  million  gallons  of  fuel  would  be  expected  to  survive 
an  attack  occurring  )ust  after  an  evacuation  has  been  completed.  This 
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Refineries 

Conoco  Refinery, 

Denver 

30,000 

0 

Refinery  Corporation, 
Denver 

20,500 

0 

Gary  Western,  Denver 

9,500 

9,500 

Pi  pel ines 

Wyco  (Casper,  Wyoming- 
Denver) 

38,000 

38,000 

(Colorado  Springs) 

12,000 

12,000 

Medicine  Bow  (Sinclair, 
Wyoming-Denver) 

15,000 

15,000 

Chase  (El  Dorado, 
Kansas-Denver) 

20,000 

0 

Phi  11 ips-Shamrock 
(Borger,  Texas- 
j\  Denver) 

20,000 

20,000 

(La  Junta) 

10,000 

10,000 

Total 

175,000 

104,500* 

The  total  of  104,500  barrels  per  day  represents  approximately  60% 
of  "normal"  capacity;  however,  all  states  would  share  surviving 
supplies  equally,  and  therefore  (based  on  the  UNCLEX-CHARLIE  attack) 
would  be  allowed  30%  of  its  preattack  supply. 
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TABLE  4.4 


COLORADO  SPRINGS  RISK  AND  HOST  AREAS 
MOTOR  FUEL  REQUIREMENTS  BEFORE, 
DURING  AND  AFTER  CRISIS  RELOCATION 


Usage  Category 

Thousands  of  Gallons 

Per  Day 

Before 

Relocation 

During 

Relocation 

After 

Relocation 

Cargo  Trucks 

84.38 

71.90 

59.45 

Intercity 

55.69 

44.55 

33.41 

Local 

28.69 

27.35 

26.04 

Personal  Transport 

368.90 

101.75 

101.75 

Work 

154.20 

54.33 

54.33 

Family  Business 

71.56 

29.72 

29.72 

Social  and 

Recreational 

125.79 

17.70 

17.70 

Education 

17.34 

0 

0 

Personal  Relocation 

— 

151.88 

— 

TOTAL 

453.28 

325.33 

161.20 

(Figures  assume  impoundment  of  personal 
vehicles  following  relocation  and  a critical 
risk  area  workforce  of  8 percent  of  normal 
manpower. ) 
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supply  would  be  immediately  accessible  to  survivors,  even  if  all 
incoming  pipelines  were  damaged  and  refineries  outside  Colorado  were 
slow  in  recovering  from  the  attack.  Measured  against  post-relocation 
usage  rates  of  161,200  gallons  per  day,  this  surviving  fuel  supply  could 
be  expected  to  last  seventeen  days.  Assuming  that  an  attack  occurs  some 
time  after  the  relocation  has  been  completed,  surviving  fuel  supplies  in 
the  host  area  would  be  proportionately  greater,  as  the  time  following 
relocation  could  be  used  to  stockpile  fuel  in  relatively  invulnerable 
locations  (see  Section  5.4). 

Reconstruction  of  refineries  and  other  segments  of  the  petroleum 
processing  and  distribution  network  will  require  significant  concentra- 
tions of  time,  manpower  and  materials.  Even  moderate  damage  to  a refin- 
ery could  take  one  year  or  more  to  repair,  depending  upon  the  section  of 
the  refinery  receiving  damage  and  the  availability  of  materials.  Appen- 
dix Tables  D 1 and  B-3  identify  the  blast  overpressures  sustained  by 
primary  petroleum  facilities  in  Colorado  and  list  repair  requirements  by 
refinery  type  in  terms  of  man-days.  In  view  of  the  importance  of  motor 
fuel  to  the  economy  and  the  prospect  of  severe  fuel  shortages  during  the 
immediate  postattack  period,  reconstruction  of  key  elements  of  the  fuel 
supply  and  distribution  network  should  be  accorded  high  priority  follow- 
ing a nuclear  attack. 


4.5  IDENTIFICATION  OF  ALTERNATIVES 

This  section  identifies  and  explores  alternative  strategies  for 
obtaining  motor  fuel  and  controlling  its  distribution  in  the  Colorado 
Springs  area  following  a nuclear  attack.  Strategies  are  classified  into 
the  following  five  categories: 

1.  Supply  and  distribution  system  adjustments  designed  to  bypass 
damaged  facilities  and  supplies  to  surviving  host  area  storage 
facilities  and  gasoline  stations. 

2.  Fuel  conservation  measures  designed  to  reduce  unnecessary  fuel 
consumption  following  an  attack.  Such  measures  include  the 
impounding  of  private  automobiles  and  increased  reliance  upon 
buses  and  carpools  for  essential  travel. 

3.  Stockpiling  measures  designed  to  increase  the  supply  of  fuel 
reserves  in  the  host  areas  during  the  preattack  period. 

4.  Fuel  rationing  measures  designed  to  control  fuel  distribution 
at  the  gasoline  pump. 

5.  Product  integration  measures  designed  to  speed  the  distrib- 
ution process  and  simplify  adjustment  procedures.  Examples  of 
such  measures  include  the  encouragement  of  intercompany  fuel 
transfers,  elimination  of  product  separation,  and  the  unres- 
tricted use  of  leaded  gasoline. 
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4.5.1  Supply  and  Distribution  System  Adjustments 

As  noted  above*  Colorado's  refinery,  primary  storage,  and  pipeline 
system  would  be  significantly  damaged  by  a nuclear  attack.  The  two 
Denver  refineries  and  four  pipeline  terminals  would  be  destroyed,  the 
pipeline  terminals  at  La  Junta  seriously  damaged,  and  the  llyco  terminal 
at  Fountain  would  sustain  light  to  moderate  damage.  All  of  these  facil- 
ities except  the  Grand  Junction  refinery  would  be  out  of  operation  in 
the  immediate  postattack  period. 

However,  certain  of  the  pipelines  could  be  tapped  outside  the  State 
at  such  points  as  Casper  and  Sinclair,  Wyoming  and  Borger,  Texas.  (El 
Dorado,  Kansas,  the  origin  of  the  Chase  Pipeline,  houever,  is  in  a 
high-risk  area  and  would  be  heavily  damaged  by  the  blast.)  These  points 
outside  the  State,  which  include  product  storage  facilities,  can  be  used 
as  the  supply  points  for  Colorado  immediately  after  the  attack.  Trucks 
can  take  the  place  of  the  damaged  pipelines  and  deliver  fuel  to  the  host 
area  secondary  storage  facilities  and  service  stations.  Calculations 
indicate  that  the  strategy  of  bypassing  damaged  pipelines  with  tank- 
trucks  would  increase  the  normal  distance  traveled  by  Colorado  trucks  in 
distributing  fuel  by  a factor  of  41%  (see  Section  3.2). 


4.5.2  Conservation  Measures 

Several  fuel  conservation  measures  were  evaluated  and  discussed  in 
detail  in  the  SYSTAN  study  Impacts  of  the  Crisis  Relocation  Stratenv  on 
Transportation  Systems  (Reference  6).  Some  of  these  measures  are  also 
applicable  to  the  postattack  period,  when  serious  fuel  shortages  may 
threaten  to  cripple  not  only  non-essential  travel  but  critical  trips  as 
well.  Three  of  these  measures  are: 

1.  Limiting  use  of  relocatees1  automobiles  by  impoundment  or  by  a 
pass  system; 

2.  Using  buses  and  carpools  to  transport  critical  workers;  and 

3.  Greater  use  of  buses  for  all  transportation. 

In  addition  to  these  measures,  many  of  the  measures  identified  in  Chap- 
ter 2 to  improve  vehicle  utilization  would  also  serve  to  improve  fuel 
efficiency . 


4. 5.2.1  Limiting  the  Use  of  Relocatee  Automobiles. 

Limiting  the  use  of  relocatees'  automobiles  has  been  discussed  in 
detail  in  Impacts  of  the  Crisis  Relocation  Strategy  on  Transpor ta i i on 
Systems.  Although  these  alternatives  were  meant  to  be  applied  to  a 
crisis  relocation  situation,  they  are  also  applicable  to  the  postattack 
period.  During  the  crisis  relocation  period,  relocatees'  automobiles 


Mill  have  been  impounded.  Thus,  in  the  immediate  postattack  period,  all 
or  a portion  of  these  cars  can  continue  to  be  held  in  an  impoundment 
status.  It  is  during  the  first  30  days  after  the  attack  when  fuel 
supplies  are  expected  to  be  most  critical.  The  maintaining  of  a 
restricted-use  status  for  autos  at  the  crisis  relocation  level  would 
result  in  fuel  savings  of  *12 V.  compared  with  precrisis  "normal"  condi- 
tions (Reference  6).  As  emergency  pipeline  terminals  are  built  and 
other  necessary  supply  measures  taken  to  ease  the  fuel  supply  situation, 
autos  could  gradually  be  released  from  restricted-use  status. 

Stringent  vehicle  controls  such  as  impoundment  uould  eliminate  all 
non-critical  travel.  Less  stringent  measures  entailing  the  use  of 
temporary  passes  could  also  result  in  significant  fuel  savings.  Also, 
controls  on  use  of  automobiles  could  serve  as  a means  of  preventing 
unauthorized  entry  to  dangerous  fallout  areas. 


4. 5. 2. 2 Use  of  Buses  Whenever  Possible. 

The  use  of  buses  as  a fuel  conservation  measure  during  and  after 
relocation  has  been  covered  in  detail  in  Reference  6.  The  increased  use 
of  buses  for  work  and  other  travel  during  the  postattack  period  may 
result  in  fuel  savings  and  provide  an  additional  measure  of  control  over 
access  to  restricted  areas.  One  bus  carrying  25  passengers  at  5.5  miles 
per  gallon  is  3.67  times  as  energy-efficient  as  one  car  carrying  three 
passengers  at  12.5  miles  per  gallon.  During  the  postattack  period, 
critical  workers  may  be  entering  fallout  areas  for  limited  periods  of 
time,  and  buses  could  be  useful  in  this  transportation,  particularly  if 
the  drivers  are  trained  in  fallout  detection  and  protection  measures. 


4.5.3  Preattack  Stockpiling 

The  spector  of  potential  fuel  shortages  following  a nuclear  attack 
increases  the  importance  of  stockpiling  fuel  in  relatively  invulnerable 
locations  during  the  preattack  period.  Stockpiling  is  a particularly 
attractive  option  following  a crisis  relocation,  when  the  nation's  fuel 
production  capability  is  expected  to  exceed  consumption  levels  by  a 
significant  amount.  To  the  extent  possible,  any  excess  fuel  produced 
during  or  after  a relocation  effort  should  be  stockpiled  in  bulk  storage 
facilities  located  in  host  areas.  In  the  event  that  the  period  of 
crisis  extends  long  enough  to  permit  these  facilities  to  be  filled,  a 
number  of  alternative  storage  options  should  be  explored.  These 
include : 

1.  Filling  the  tanks  of  impounded  automobiles; 

2.  Using  underground  storage; 

3.  Constructing  new  bulk  storage  facilities;  and 
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4.  Building  expedient  storage  facilities 

The  choice  of  alternatives  uill  depend  on  immediate  and  projected  needs 
in  the  postattack  period.  The  tanks  of  impounded  automobiles  may 
provide  immediate  storage,  uhile  the  construction  of  new  bulk  facilities 
would  be  incorporated  in  comprehensive  postattack  reconstruction 
schemes.  Each  of  these  alternatives  is  discussed  in  more  detail  in  the 
subsequent  chapter  on  activities  during  an  extended  crisis  period  (see 
Section  5.4). 


4.5.4  fuel  Rationing 

Various  fuel  rationing  options,  such  as  ration  coupons,  odd/even 
license  plate  controls,  purchase  limits  and  minimum  tank  requirements 
have  been  considered  in  an  earlier  study  (Reference  6)  as  potential 
control  measures  under  crisis  relocation  conditions.  Although  such 
measures  are  not  strictly  necessary  during  the  relocation  period,  when 
fuel  supplies  are  likely  to  exceed  demand,  they  uill  certainly  be 
required  following  a nuclear  attack,  when  fuel  will  be  in  short  supply. 
The  need  for  strict  rationing  measures  following  an  attack,  coupled  with 
the  desire  to  stockpile  as  much  fuel  as  possible  prior  to  an  attack, 
strengthens  the  argument  for  introducing  strict  rationing  measures  once 
the  relocation  is  completed.  In  the  immediate  postattack  period, 
rationing  controls  will  be  combined  with  even  stricter  measures,  such  as 
vehicle  impoundment.  Strict  controls  will  also  be  needed  in  the  immedi- 
ate postattack  period  to  ensure  that  only  authorized  personnel  are  able 
to  obtain  motor  fuel.  As  the  postattack  supply  of  fuel  increases  and 
vehicles  are  gradually  released  from  impoundment,  rationing  measures  may 
be  adjusted  to  reflect  changing  conditions. 


4.5.5  Product  Integration 

Another  general  set  of  measures  that  might  speed  the  distribution 
of  fuel  and  simplify  reallocation  procedures  entails  the  elimination  of 
product  distinctions.  These  distinctions  might  be  broken  down  through  a 
variety  of  measures  designed  to  eliminate  the  separation  of  brands,  and 
the  segregation  of  regular  and  premium  grades. 


4.6  SUMMARY 

An  analysis  of  the  damage  to  U.S.  and  Colorado  petroleum  production 
and  distribution  facilities  indicates  that  a severe  fuel  shortage  would 
probably  follow  a nuclear  attack.  The  destruction  of  Colorado  refiner- 
ies, storage  facilities  and  pipelines  would  necessitate  changing 
patterns  of  distribution  and  strict  fuel  use  controls. 
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Both  the  United  States  and  Colorado  rely  heavily  on  outside  sources 
for  their  petroleum  supply.  Present  U.S.  petroleum  consumption  rates 
are  about  16  to  17  million  barrels  per  day,  and  about  half  of  tins  is 
imported.  Colorado  supplies  only  about  3072  of  its  gasoline  requirements 
from  uithin  the  state;  the  remainder  is  imported  from  Kansas.  Montana, 
Texas  and  Wyoming.  At  the  local  level,  Colorado  Springs  must  satisfy 
all  its  fuel  needs  by  importing  fuel  from  Denver,  either  by  tank  truck 
or  pipel ine. 

In  Colorado  Springs,  there  is  an  overage  of  14  days'  supply  of 
motor  fuel,  measured  against  normal  usage  patterns.  This  inventory  is 
located  in  automobiles,  service  stations,  secondary  bulk  terminals,  and 
the  pipeline  terminal. 

Colorado  is  supplied  fuel  by  three  refineries  uithin  the  State  and 
four  pipelines  uhich  bring  petroleum  products  into  Colorado  from  refin- 
eries outside  the  State.  The  largest  tuo  refineries  are  in  Denver  and 
uould  be  destroyed  by  the  postulated  attack,  uliile  the  third  and  small- 
est refinery  located  in  Grand  Junction  uould  remain  undamaged.  Tuo 
pipelines  --  Wyco  and  Medicine  Bou  --  bring  products  to  Denver  from 
Wyoming  refineries,  and  the  Wyco  pipeline  continues  on  through  to  supply 
Colorado  Springs.  The  Denver  terminals  of  these  pipelines  uould  be 
destroyed  in  the  attack.  The  Wyco  Colorado  Springs  terminal  uould 
sustain  light  damage,  and  could  probably  be  functioning  again  fairly 
soon  after  the  attack.  The  Chase  product  pipeline  supplies  Denver  from 
refineries  in  El  Dorado,  Kansas,  facilities  at  the  supply  points  in 
Kansas,  as  uell  as  the  Chase  pipeline  terminal  in  Denver,  uould  be 
destroyed  in  the  postulated  attack.  The  Denver  terminal  of  the  Ph i 1 - 
1 ips-Shamrock  pipeline,  uhich  supplies  products  rom  Texas,  uould  also  be 
destroyed,  uhile  the  La  Junta  terminal  uould  sustain  light  to  moderate 
damage.  In  summary,  Colorado  petroleum  facilities  uould  be  severely 
damaged,  but  up  to  60X  of  the  preattack  fuel  supply  could  still  be 
transported  by  truck  from  the  Wyoming  and  Texas  supply  points  uhich 
remain  undamaged.  Houever,  on  the  national  level,  only  about  3052  of 
U.S.  refinery  and  storage  capacity  uould  survive  the  UNCLLX-Char I ie 
attack;  therefore,  it  is  anticipated  that  federal  reallocations  uould 
effectively  cut  Colorado's  supply  to  30X  of  the  preattack  level. 

Several  alternative  methods  of  alleviating  the  fuel  shortage  in 
the  postattack  period  have  been  identified.  These  include; 


damaged  faci 1 i ties.  In  the  immediate  postattack  period,  trucks 
could  be  used  to  bypass  damaged  Denver  refineries  and  pipelines 
and  provide  Colorado  survivors  with  fuel  from  surviving  supply 
points  in  Casper,  Wyoming,  Sinclair,  Wyoming,  and  Borger,  Texas. 
This  adjustment  uould  require  a 4152  increase  in  the  mileage 
normally  required  to  transport  fuel  to  Colorado. 


Such  meas- 


ures uould  include:  (1)  limiting  cargo  shipments  to  essential 


58  - 


f 


goods;  (2)  moving  critical  workers  in  buses  and  carpools;  (3) 
impounding  personal  automobiles;  and  (-1)  introducing  strict  fuel 
rationing  measures. 

- Stashpilinq  fuel— in. host  areas  nnor  to  an  attack.  Following  a 
relocation  effort,  t lie  nation's  fuel  production  capability  is 
expected  to  exceed  the  demand  for  motor  fuel.  Excess  production 
should  be  stockpiled  in  host  area  gasoline  stations  and  bulk 
storage  tanks.  Once  these  reservoirs  are  filled,  additional  fuel 
might  be  stored  underground,  in  expedient  storage  facilities,  or 
in  the  tanks  of  impounded  automobiles. 

The  available  fuel  supply  will  be  the  constraining  element  in  the 
postattack  management  of  the  transportation  system.  In  this  regard, 
fuel  shortages  will  be  more  critical  than  either  vehicle  losses  or  road 
damage.  However,  there  should  be  sufficient  fuel  to  support  the  move- 
ment of  food  and  other  essential  commodities  if  its  use  is  carefully 
control  led. 


5. 


ANALYSIS  OF  EXTENOEO  CRISIS  SITUATION 


5.  1 INTRQPUCT ION 

If  the  initial  crisis  relocation  is  not  followed  by  an  attack  or  a 
cessation  of  hostilities,  an  extended  relocation  may  result  in  which 
risk  area  residents  reside  for  relatively  long  periods  of  time  within 
the  host  area.  In  the  event  such  an  extended  relocation  period  occurs, 
several  adjustments  might  be  made  in  the  relocation  posture.  For  exam- 
ple, the  number  of  critical  industries  and  commuting  workers  might  be 
increased,  while  some  non-critical  activities  may  be  transplanted  from 
the  risk  to  the  host  area  and  restarted  for  the  duration  of  the  extended 
relocation  period.  At  the  same  time,  stockpiles  of  critical  commodities 
could  be  amassed  in  the  host  area.  Such  adjustments  could  have  poten- 
tially large  impacts  on  the  transportation  network  and  fuel  supply 
system.  As  part  of  SYSTAN's  investigation,  a range  of  adjustments  asso- 
ciated with  an  extended  relocation  period  was  postulated,  the  transpor- 
tation impacts  of  these  adjustments  were  quantified,  and  alternatives 
for  providing  transportation  support  throughout  the  extended  period  were 
proposed  and  evaluated. 

In  investigating  the  implications  of  an  extended  crisis  period  on 
the  transportation  system,  several  assumptions  were  made  regarding  the 
nature  and  extent  of  the  activities  to  be  initiated  during  an  extended 
crisis  period.  These  assumptions  included: 

1.  Base  Case:  No  changes  in  pre-planned  risk  area  and  host  area 
activities  which  would  affect  food  or  transportation  support. 
Workers  commute  to  risk  area  for  critical  activities  only. 

2.  Increased  Risk  Area  Activity:  The  number  of  workers  commuting 
to  the  risk  area  increases  as  additional  risk  area  industries 
are  reactivated. 

3.  Stockpile  Creation:  Food  and  fuel  supplies  are  stockpiled  in 
the  host  area  to  reduce  the  vulnerabi 1 i ty  of  supplies  and 
provide  an  immediately  accessible  source  in  the  event  of  an 
attack . 

4.  Increased  Host  Area  Activity:  Selected  risk  area  activities 
are  transplanted  in  the  host  area. 

Each  of  these  assumptions  is  discussed  in  the  following  sections. 


60 


f 

I ( 

r 


r 


' 


imi 

The  basic  assumption  used  in  estimating  risk  area  activity  follow- 
ing  relocation  assumes  that  all  necessary  risk  area  activities  uould  be 
continued.  Using  estimates  by  Strope  (Reference  20),  the  continuation 
of  necessary  risk  area  activities*  uould  require  about  5%  of  the  risk 
area  labor  force  in  Colorado  Springs.  In  addition  to  the  basic  list  of 
"necessary"  organizations.  Strope  also  identified  organizations  uliich 
could  possibly  continue  to  operate  uithin  the  risk  area  during  the  CRP 
period.  The  number  of  risk  area  employees  associated  uitli  these  organi- 
zations represents  about  5.4%  of  the  total  risk  area  labor  force. 

For  purposes  of  estimating  the  population  commuting  to  the  risk 
area  during  the  extended  crisis  period,  three  assumptions  were  examined: 
(1)  It  uas  assumed  that  critical  workers  included  only  the  employees  of 
"necessary"  risk  area  organizations."  (2)  A second  assumption  increased 
the  number  of  critical  workers  to  include  employees  of  both  "necessary" 
and  "possible"  risk  area  industries,  or  10.4%  of  the  risk  area  labor 
force.  (3)  A third  alternative  assumed  that  critical  workers  repre- 
sented 20%  of  the  risk  area  labor  force. 


TABLE  5.1:  NUMBER  OF  CRITICAL  WORKERS  IN  RISK  AREA 


Emp 1 oy ees 

Commuting 

Critical 

to  Risk 

Area 

Workers  in 

% 

of  Labor 

Risk  Area  at 

Assumption 

Cateqory 

Number 

F orce 

a Spec i f i c Time 

1 

Necessary  Risk 

Area  Operations 

4,802 

5.0 

2.401 

2 

Necessary  Risk 

Area  Operations 
and 

Possible  Risk 

4,802 

5.0 

Area  Operations 

5,206 

5.4 

Total 

10,008 

10.4 

5,004 

3 

Critical  Workers 

Represent  20%  of 
Risk  Area 

Labor  Force 

19,389 

20.0 

9,695 

Each  of  the  above  assumptions  will  have  an  impact  on  vehicle  and  fuel 
requirements  during  the  extended  crisis  period.  In  an  effort  to  assess 


’The  names  of  organizations  identified  as  necessary  and  the  number  of 
employees  in  each  are  listed  in  Table  l of  Appendix  C. 
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the  magnitude  of  that  impact*  vehicle  mileage  and  fuel  consumption 
estimates  uere  made  for  each  assumption. 


5.2.1  Vehicle  Mileage  fstimates 

5.2. 1.1  Inventory  Freight  Movement. 

In  assessing  the  requirements  for  intercity  freight  movement  under 
crisis  relocation  conditions*  it  was  assumed  that  non-essential  cargo 
shipments  uould  be  curtailed  throughout  the  relocation  period.  In 
SYSTAN’s  earlier  study  of  CRP  transportation  requirements  (Reference  6), 
a list  of  essential  commodities  uas  compiled  and  the  contribution  of 
these  commodities  to  intercity  freight  movement  uas  estimated.  A simi- 
lar procedure  uas  folloued  in  assessing  the  impact  of  an  extended  crisis 
period  in  intercity  freight  movements.  An  additional  list  of  commodi- 
ties uas  compiled  to  reflect  the  output  of  those  industries  uhich  uere 
judged  in  earlier  studies  to  be  non-essential,  but  uhich  could  possibly 
be  initiated  under  extended  crisis  conditions.  An  abbreviated  listing 
of  the  major  industries  included  in  each  classification  appears  in 
Exhibit  5.1. 

Table  5.2  itemizes  the  intercity  truck  and  rail  mileage  uhich  uill 
result  (1)  if  shipments  are  restricted  to  essential  goods,  and  (2)  if 
the  selected  non-essential  goods  identified  above  are  shipped  under 
extended  crisis  conditions.  In  Colorado  Springs,  these  situations 
correspond  to  risk  area  employment  levels  of  5%  and  10. Ci  of  normal, 
respectively.  An  estimate  of  the  amount  of  intercity  traffic  produced 
by  employing  20M  of  the  risk  area  uork  force  uas  made  by  extrapolating 
the  results  of  the  calculations  made  under  assumptions  (l)  and  (2). 


5.2. 1.2  Local  Freight  Movement. 

An  earlier  SYSTAN  analysis  of  data  from  eleven  urban  areas  shoued 
that  slightly  over  half  (50. 854)  of  the  local  truck  trips  on  a typical 
day  uere  made  by  trucks  carrying  essential  products.  If  the  number  of 
products  produced  uithin  the  risk  area  uere  to  be  increased  under 
extended  crisis  conditions,  the  number  of  local  truck  trips  required 
daily  uould  rise  to  an  estimated  57. 5H  of  normal.  Table  5.3  lists  the 
commodity  categories  included  under  both  crisis  and  extended  crisis 
conditions.  Although  the  number  of  local  truck  trips  uould  drop  under 
conditions  of  crisis  and  extended  crisis,  the  distance  traveled  on  each 
trip  uould  increase,  since  trucks  uill  be  required  to  move  greater 
distances  into  the  host  area  to  distribute  these  goods.  Within  Colorado 
Springs,  the  distance  traveled  in  local  distribution  movements  uas  esti- 
mated to  increase  by  a factor  of  75/{.  This  mileage  increase  reflects 
earlier  estimates  of  the  transportation  stress  imposed  on  the  Colorado 
Springs  food  distribution  system  by  the  need  to  move  supplies  greater 
distances  into  the  host  area.  The  effect  of  this  mileage  increase  is 
listed  in  Table  3 for  conditions  of  crisis  and  extended  crisis. 
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EXHIBIT  5.1 

ESSENTIAL  SHIPMENTS  UNDER  CRISIS  RELOCATION  CONDITIONS 


Essential  Shipments  Under 
Crisis  Relocation  Conditions 


Food  and  all  products  related  to  the 
production  of  food; 

Products  consumed  by  energy- 
producing  industries; 

Pulp  and  paper  mills  and 
selected  paper  products 

Chemicals,  pharmaceutical  prepara- 
tions, biological  products,  medical 
chemicals  and  botanical  products, 
soaps  and  detergents,  fertilizers, 
agricultural  pesticides  and 
chemicals. 

Tires  and  inner  tubes,  rubber  and 
plastic  hosing  and  belting 

Glass  containers; 

Basic  steel  and  steel  pipe; 

Selected  hand  tools; 

Farm  machinery  and  equipment,  con- 
struction machinery  and  equipment, 
selected  power  tools; 

Health  supplies  and  equipment;  and 

Products  required  by  transport 
facilities,  communications  facili- 
ties, energy  transmission  and  dis- 
tribution facilities. 


Primary  non-ferrous  metal 
products 

Fabricated  metal  products* 

Industrial  and  other 
machinery** 

Communications  products  and 
parts 

Electrical  products  and  parts 


Metal  cans  are  included  in 
essential  shipments 

Electrical  machinery  is 
included  in  essential 
shipments 
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Table  5.3  indicates  that  under  extended  crisis  conditions  in  which 
additional  risk  area  activity  is  contemplated,  the  vehicle  mileage 
required  for  local  truck  deliveries  will  equal  or  exceed  the  mileage 
traveled  by  all  trucks  under  normal  conditions.  In  order  to  meet  t lie 
local  delivery  requirements  imposed  by  the  extended  crisis  situation, 
trucks  and  drivers  ordinarily  employed  in  the  distribution  of  non-essen- 
tial goods  and  services  util  have  to  be  employed  in  the  delivery  of  such 
essential  commodities  as  food  and  fuel.  Tast  SYPTAN  studies  (Reference 
6)  have  indicated  that  the  existing  local  distribution  system  can 
support  a doubling  of  normal  vehicle  mileage  for  short  periods  uithout 
requiring  additional  equipment  from  outside  the  local  area.  However, 
careful  management  of  locally  available  vehicles  will  he  needed  to  dedi- 
cate all  trucks  to  the  delivery  of  essential  items,  schedule  drivers  to 
maximize  vehicle  productivity,  and  introduce  other  measures  designed  to 
make  the  most  of  existing  transportation  resources.  (See  Section  2.5.2 
for  an  example  of  such  measures.) 

The  delivery  of  local  goods  appears  to  impose  the  most  serious 
strain  on  the  supply  of  vehicles  and  drivers  under  extended  crisis 
conditions.  The  vehicle  requirements  for  intercity  travel  will  be  well 
belou  normal,  and  the  supply  of  automobiles  and  buses  u i thin  the  host 
area  should  be  more  than  ample  to  meet  the  needs  of  the  relatively  small 
sector  of  the  work  force  commuting  to  the  risk  area. 


5.2.2  fuel  Requirements 

Fuel  requirements  before,  during  and  after  crisis  relocation  in  the 
risk  and  host  areas  of  Colorado  Springs  are  estimated  in  Table  5. 4. 

These  estimates,  winch  are  based  on  vehicle  mileage  projections  for  both 
personal  and  cargo  movement,  reflect  the  different  assumed  levels  of 
activity  once  the  evacuation  is  completed.  Even  under  the  most  ambi- 
tious level  of  risk  area  activity  anticipated  under  extended  crisis 
conditions,  fuel  requirements  fall  well  below  the  normal  demands  experi- 
enced prior  to  the  initiation  of  crisis  conditions.  Depending  on  the 
degree  of  risk  area  activity  continued  following  the  completion  of  the 
crisis  relocation,  the  fuel  requirements  depicted  in  Table  5.*1  represent 
from  35/C  to  40X  of  normal  daily  requirements. 

Comparisons  of  post-relocation  supply  and  demand  estimates,  coupled 
with  interviews  with  oil  industry  officials  and  fLA  representatives, 
lead  to  the  conclusion  that  existing  host  area  bulk  terminals  and  serv- 
ice stations  will  be  adequate  for  the  task  of  meeting  fuel  needs  during 
and  after  relocation.  Assuming  normal  production  rates  are  maintained 
during  and  after  relocation,  a significant  fuel  surplus  will  build  up 
during  any  period  of  extended  crisis  conditions.  The  possibility  o( 
stockpiling  this  surplus  against  a potential  attack  is  explored  in  the 
fol lowing  section. 
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COLORADO  SPRINGS  - RISK  AND  HOST  AREA 
FUEL  REQUIREMENTS  UNDER  EXTENDED  CRISIS  CONDITIONS 

(Gallons/Day) 
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5 . 3 I MPL 1 CAT  IONS  OF  INCREASED  HOST  AREA  AC1  I V1TY 

The  impact  of  increased  risk  area  activity  on  the  transportation 
system  have  been  discussed  above.  It  is  also  possible,  however,  that 
certain  activities  can  be  transported  from  the  risk  area  to  the  host 
area  and  restarted  for  the  duration  of  the  extended  relocation  period. 

It  appears  that  the  net  effect  of  such  moving  of  activities  is  reduction 
of  transportation  distances  and  hence  transportation  requirements. 

There  should  be  enough  fuel  and  vehicles  to  support  any  technically 
feasible  alternative. 

Activities  which  could  be  moved  from  the  risk  to  the  host  area 
inc 1 ude : 

1.  Wholesale  Food  Warehousing; 

2.  Certain  Food  Processing  Activities; 

3.  Vehicle  Maintenance  Centers;  and 

4.  Railyard  Activities. 

In  addition,  certain  activities  peculiar  to  the  crisis  circumstances 
would  be  introduced  in  the  host  areas.  These  include: 

1.  Shelter  Construction; 

2.  Hardening  of  Key  Industrial  Facilities;  and 

3.  Construction  of  Fuel  Storage  Facilities. 

Each  of  these  options  is  discussed  briefly  in  the  following  sections. 


5.3.1  Relocation  of  Wholesale  Activities 

During  the  time  required  to  evacuate  risk  areas  and  for  roughly  one 
week  following  the  evacuation,  a number  of  factors  favor  a food  distrib- 
ution strategy  in  which  the  distributors  continue  to  operate  risk-area 
warehouses.  The  alternative  of  maintaining  wholesale  operations  within 
risk  areas  is  favored  by  industry  officials  and  has  several  attractive 
features:  The  altered  system  is  conceptually  simple,  and  builds  intel- 

ligently on  the  existing  system  without  creating  new  operating  entities. 
Corporate  chains  are  preserved  as  distribution  limits,  and  most  host 
area  retail  stores  will  continue  to  be  supplied  by  their  pre-evacuation 
sources.  Strain  on  the  national  distribution  system  is  minimized,  and 
supplies  on  the  road  from  national  processors  and  regional  and  local 
wholesalers  at  the  time  of  the  evacuation  need  not  be  rerouted. 

As  discussed  in  past  SYSTAN  analyses  (References  9 and  30),  an 
alternative  to  the  continued  use  of  risk-area  warehouses  entails  the 
establishment  of  emergency  warehouses  and  break-bulk  centers  within  the 
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host  area.  This  option  has  the  advantage  of  decreasing  the 
vulnerability  of  uholesale  food  supplies  to  attack,  with  the  accompany- 
ing disadvantages  of  operating  inefficiencies,  system  disruption,  and 
delays  in  reestablishing  normal  operations  in  the  event  that  no  attack 
occurs.  In  addition,  it  is  often  difficult  to  locate  suitable  struc- 
tures uithin  the  host  area,  and  previous  research  has  determined  that 
neu  construction  would  require  at  least  three  weeks.  One  significant 
argument  against  the  use  of  host-area  warehouse  space  is  the  length  of 
time  required  to  empty  existing  risk-area  warehouses.  Food  industry 
personnel  estimated  that  they  would  require  a minimum  of  four  days  to  a 
maximum  of  two  weeks  to  empty  existing  warehouses  using  current  person- 
nel and  equipment.  The  average  estimated  emptying  time  was  one  week. 
Since  the  risk  area  warehouses  will  be  operating  throughout  most  of  the 
expected  duration  of  a crisis  relocation,  whether  or  not  they  supply 
retail  outlets  or  emergency  wholesale  warehouses  within  the  host  area, 
they  may  as  well  function  in  their  normal  mode  as  a supplier  of  retail 
outlets.  This  will  eliminate  an  extra,  inefficient  step  in  the  distrib- 
ution process. 

In  the  event  that  the  crisis  relocation  period  extends  beyond  the 
three  days  required  for  relocation,  food  distributors  will  have  filled 
host  area  retail  outlets  and  mass  feeding  centers,  and  can  consider  the 
possibility  of  redirecting  supplies  to  suitable  host  area  warehouses. 

The  desirability  of  relocating  large-scale  warehousing  activities  would, 
of  course,  would  upon  the  availability  of  host  area  space  which  would  be 
suitable  or  could  readily  be  made  suitable  for  food  warehousing.  In 
Colorado,  for  example,  Fort  Collins  in  Larimer  County  has  several  rela- 
tively large  warehouses  which  are  suitable  for  food  warehousing  and 
distribution.  Most  medium-sized  cities  have  some  space  suitable  for 
food  warehousing  which  could  be  converted  or  commandeered.  The  adequacy 
of  such  space  for  total  food  warehousing  requirements  will  vary  consid- 
erably from  one  host  area  to  another,  and  should  be  addressed  in 
specific  crisis  relocation  plans. 


5.3.2  Expansion  or  Reactivation  of  Certain  Host  Area  Food- 
Processing  Faci 1 i ties 

Certain  host  area  food-processing  facilities  could  be  reactivated 
or  expanded  after  relocation.  The  milk  processing  field,  for  example, 
includes  a number  of  small  milk  processing  plants  in  rural  areas  that 
have  gone  out  of  business,  giving  way  to  larger,  more  efficient  plants 
in  more  urban  areas.  Some  of  these  host  area  plants  could  be  reacti- 
vated to  help  supply  the  increased  host  area  population  and  thus  reduce 
milk  transport  distances.  Also,  in  the  meat  packing  field,  small-  and 
medium-sized  host  area  packing  plants  can  often  increase  output  by 
three,  four  or  more  times  through  the  addition  of  portable  or  fixed 
refrigeration  capacity.  The  result  is  a decrease  in  transport  require- 
ments during  the  extended  crisis  period.  In  addition,  reactivation  of 
these  facilities  during  the  extended  crisis  period,  when  equipment  and 
supplies  can  readily  be  transported  from  the  risk  area,  will  greatly 
enhance  the  production  capability  in  the  immediate  postattack  period  in 
the  event  that  the  crisis  ends  in  a nuclear  exchange. 
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5.3.3  Expand  Vehicle  Repair  Capability 

Expansion  of  vehicle  maintenance  and  repair  capability  usually 
means  additional  personnel  and  parts  rattier  than  non  construction. 

Parts  inventories  can  initially  be  built  up  from  risk  area  supplies  and 
subsequently  (via  direct  shipment)  from  regional  distribution  centers. 
Vehicles  requiring  repair  uould  be  in  host  areas  in  case  of  attack; 
also,  personnel  uould  be  in  the  host  area  and  the  number  of  commuting 
personnel  uould  be  reduced. 


5.3.4  Transfer  of  Railvard  Activities 

The  desirability  of  transferring  certain  railyard  activities  to  the 
host  area  during  a period  of  crisis  relocation  has  been  discussed  in 
Section  3.4. 


5.3.5  Other  Activities 

Other  activities  uhich  uould  be  introduced  in  the  host  area  under 
crisis  relocation  conditions  include; 

1.  Shelter  construction; 

2.  Hardening  of  key  facilities;  and 

3.  Food  and  fuel  stockpiling. 

Shelter  construction  uould  use  heavy  earth  moving  equipment  to  the 
extent  that  it  is  available  in  the  host  area,  but  there  should  be  ample 
fuel  in  the  host  area  to  accommodate  this  activity.  The  hardening  of 
key  facilities  is  not  expected  to  create  excessive  demands  on  the  trails 
portation  netuork.  In  fact,  postattack  fuel  distribution  util  be 
considerably  improved  if  key  pipeline  terminals  and  refineries  can  be 
effectively  hardened  during  the  preattack  period.  Priorities  for  hard- 
ening key  facilities  should  be  uorked  out  as  part  of  a region's  crisis 
relocation  plans,  and  should  reflect  the  damage  likely  to  result  from 
the  anticipated  attack  pattern.  In  the  Colorado  Springs  area,  for  exam 
pie,  hardening  the  pipeline  terminals  at  Fountain  and  La  Junta,  uhich 
are  on  the  fringes  of  the  blast  area,  could  leave  these  terminals 
damage-free  follouing  an  attack.  By  uay  of  contrast,  no  amount  of  hard 
ening  may  be  able  to  protect  certain  of  the  deliver  refineries  and  termi 
nals  located  near  ground  zero. 

Certain  stockpiling  activities  con  be  expected  to  have  a more  menn- 
ureable  impact  on  the  transportation  netuork  during  an  extended  crisis 
period.  Fuel  and  food  stockpiling  options  are  discussed  in  the  follou 
ing  section. 
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5.4 


In  view  of  the  potential  fuel  shortages  and  short-term  food  prob- 
lems identified  in  the  postattack  analysis  (see  Section  4 and  Reference 
6),  an  extended  crisis  period  presents  an  opportunity  for  stockpiling 
critical  items  such  as  fuel  and  food,  which  are  likely  to  be  in  short 
supply  following  an  attack.  This  subsection  discusses  several  alterna- 
tives for  creating  stockpiles  of  critical  commodities  in  host  areas. 


5.4.1  Fuel  Supplies 

Following  evacuation,  tank  truck  deliveries  to  all  host  area 
stations  will  be  increased  both  to  meet  the  increased  fuel  needs  of  the 
host  area  and  to  decrease  the  vulnerability  of  the  nation's  fuel  supply. 
Since  supply  will  exceed  demand  if  normal  production  rates  are  main- 
tained, an  extended  period  of  relocation  could  result  in  the  development 
of  critical  fuel  stockpiles  in  host  area  bulk  terminals  and  gasoline 
stations.  Assuming  normal  production  rates  are  maintained  during  and 
after  relocation,  estimates  of  the  post-relocation  demand  for  fuel 
developed  under  alternative  assumptions  of  risk  area  activity  (see  lable 
5.4)  indicate  that  motor  fuel  supply  will  exceed  demand  within  the  Colo- 
rado Springs  area  by  between  260- 000  and  300,000  gallons  per  day  follow- 
ing relocation.  If  this  excess  were  transported  to  secondary  bulk  stor- 
age terminals  and  gasoline  stations  within  the  host  area,  these  bulk 
storage  facilities  would  be  filled  within  2.4  days  following  the  comple- 
tion of  relocation,  and  storage  tanks  in  host  area  gasoline  stations 
would  require  and  additional  5-1/2  to  6 days  to  fill  completely.2 

Thus,  if  pre-evacuation  production  rates  are  continued,  existing 
fuel  storage  capacity  in  the  Colorado  Springs  host  area  will  be  exceeded 
in  a little  more  than  one  week  following  crisis  relocation,  even  under 
assumed  conditions  of  relatively  heavy  risk  area  activity.  A strategy 
of  fuel  stockpiling  under  extended  crisis  conditions  will  therefore 
require  the  creation  of  additional  fuel  storage  capability  in  the  host 
area.  Possible  alternatives  for  providing  supplemental  fuel  storage 
facilities  within  the  host  area  under  extended  crisis  conditions 
include : 

1.  Filling  the  tanks  of  impounded  automobiles; 

2.  Using  underground  storage; 

3.  Constructing  new  bulk  storage  terminals;  and 

4.  Building  expedient  storage  facilities. 


,This  calculation  assumes  the  tanks  to  be  half-empty  following  the 
completion  of  relocation.  A tabulation  of  fuel  storage  capacities  in 
the  Colorado  Springs  host  area  appears  in  Appendix  C. 
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Each  of  these  alternatives  is  discussed  briefly  below. 


5.4. 1.1  Tanks  of  Impounded  Automobiles. 

Among  the  most  readily  available  sources  of  storage  for  the  excess 
fuel  produced  during  an  extended  crisis  period  are  the  gasoline  tanks  of 
the  automobiles  used  in  the  relocation  itself.  The  bulk  of  these  auto- 
mobiles uould  be  impounded  following  the  relocation,  and  could  be 
refilled  from  host  area  outlets  in  the  event  of  an  extended  crisis 
period.  Automobiles  could  be  released  from  impoundment  on  a scheduled 
basis  during  an  extended  crisis  for  the  expressed  purpose  of  refilling 
their  fuel  tanks,  after  which  they  would  be  reimpounded.  This  action 
would  have  the  effect  of  freeing  more  fuel  storage  capacity  within  the 
host  area  and  demonstrating  to  the  automobile  owners  that  fuel  would  be 
available  for  their  use  following  the  resolution  of  the  crisis.  Vehi- 
cles in  use  in  the  host  area  during  an  extended  crisis  should  also  be 
encouraged  to  "top  off"  their  tanks  frequently,  keeping  them  as  full  as 
possible  and  freeing  more  fuel  storage  capacity  within  the  host  area. 

In  the  case  of  Colorado  Springs,  an  estimated  4*10,000  gallons  of 
gasoline  would  be  used  by  private  automobiles  carrying  evacuees  during 
the  three-day  relocation  period.  Assuming  that  the  automobiles  began 
their  trips  with  full  fuel  tanks,  and  allowing  for  refills  en  route  for 
cars  traveling  over  150  miles,  calculations  show  that  evacuating  automo- 
biles should  arrive  at  their  destinations  needing  roughly  22U.OOO 
gallons  to  refill  all  tanks.  This  empty-lank  capacity  represents 
slightly  less  than  one  day's  excess  production  capacity  under  extended 
crisis  relocation  conditions,  and  refilling  the  impounded  automobiles 
would  free  a corresponding  amount  of  fuel  storage  capacity  in  host  area 
gasoline  stations  and  bulk  storage  facilities. 


5.4. 1.2  Underground  Storage. 

Underground  storage  is  another  possibility  for  petroleum  product 
storage.  Two  European  countries  are  known  to  store  liquid  petroleum 
products  underground.  In  the  United  States  (Colorado  and  elsewhere), 
natural  gas  is  now  stored  underground,  and  investigations  have  been 
underway  for  some  time  on  the  storage  of  crude  underground.  Salt  domes 
which  occur  in  a number  of  states  can  be  made  suitable  for  this  type  of 
1 iquid  storage. 


5.4. 1.3  Constructing  New  Bulk  Storage  Terminals. 

It  is  unlikely  that  an  extended  crisis  period  will  extend  long 
enough  to  permit  the  construction  of  entirely  new  bulk  storage  facili- 
ties within  the  host  area.  Industry  officials  estimate  that,  by  operat- 
ing three  shifts  per  day  under  emergency  conditions,  new  bulk  terminals 
could  be  constructed  along  pipelines  outside  the  risk  area  within  three 
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to  six  months,  providing  all  materials  were  readily  available.  Houever, 
the  stel  for  this  type  of  facility  is  usually  made  to  order,  and  can 
take  from  two  months  to  one  year  or  more  to  deliver,  depending  on  other 
demands  for  steel.  The  cost  of  such  construction  is  relatively  high:  A 
100,000-barrel  storage  terminal,  including  the  truck  loading  rack 
system,  uould  cost  0.7  to  1 . 1 million  dollars,  and  a 500.000-barrel 
facility  uould  cost  from  4.5  to  8 million  dollars. 


5.4. t. 4 Expedient  Storage. 

One  promising  type  of  expedient  storage  facility  suggested  by 
industry  officials  entails  the  use  of  collapseable  rubber-plastic 
containers.  Such  a storage  facility  has  the  advantage  of  requiring 
relatively  short  construction  time. 

This  type  of  storage,  referred  to  as  "embankment  support  storage," 
has  thus  far  been  developed  for  crude  or  petroleum  products  up  to  a 
capacity  of  25,000  barrels.  It  is  essentially  a 185'  X 100’  X 14' 
rubber-plastic  treated  fabric  formed  in  the  shape  of  a pillow,  and 
supported  on  all  sides  by  earth  embankments.  In  collapsed  form,  a 
crated  container  can  be  delivered  to  a site  on  a semi  - truck- tr a 1 1 er . 
Total  construction  time  including  earthuork,  placement  of  container, 
roof  and  pumps  and  valves  is  about  one  ueek.  Total  cost  is  about 
$600,000  to  $700,000  per  100,000  barrels  of  storage,  or  about  two-thirds 
that  of  the  permanent  tank-type  storage  discussed  above. 


5.4.2  Food  SuppI ies. 

Research  and  discussions  uith  industry  and  Oepartment  of  Agricul- 
ture officials  indicate  that  food  supplies  uill  be  adequate  to  meet  the 
needs  of  the  relocated  population  during  and  after  relocation.  In  the 
event  of  an  attack,  houever,  certain  critical  foodstuffs  (meat,  milk, 
wheat)  uould  be  in  short  supply  during  the  first  feu  weeks  following  the 
attack.  Details  of  the  shortages  anticipated  in  the  Colorado  Springs 
area  may  be  found  in  the  SYSTAN  report  'Effects  of  Attack  on  Food 
Distribution  to  the  Relocated  Population"  (Reference  30).  The  possibil- 
ity of  stockpiling  food  to  guard  against  potential  postattack  shortages 
is  discussed  belou. 


5.4.2. 1 Meat  and  Meat  Alternates. 

It  would  be  possible  to  increase  production  of  canned  meat  and  meat 
alternate  products  during  and  after  relocation  and  to  stockpile  such 
production  within  the  host  area.  National  emergency  standards  for  meat 
consumption  are  705C  of  normal  consumption  levels,  and  part  of  fresh 
production  could  be  diverted  to  production  of  preserved  meat  products 
not  requiring  refrigeration.  Under  normal  conditions,  houever,  only 
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about  10%  of  total  meat  products  consumed  are  canned.  In  the  case  of 
Colorado,  for  example,  total  meat  consumption  is  456  million  pounds  per 
year,  but  only  an  estimated  4b  million  pounds  of  this  is  canned.  Thus, 
even  if  canned  production  were  doubled  (this  is  considered  the  maximum 
feasible  short-term  increase),  it  would  require  3.45  weeks  of  extra 
production  to  obtain  enough  canned  storage  for  one  week's  emergency 
consumption. 3 


5. 4. 2. 2 Milk  and  Dairy  Products. 

The  U.S.  Department  of  Agriculture  (USDA)  Agricultural  Stabiliza- 
tion Service  has  about  385  million  pounds  of  dried  milk  stored  at 
approximately  200  sites  around  the  United  States.  The  fluid  equivalent 
of  this  stored  milk  (3.465  million  pounds  fluid  milk  equivalent)  would 
provide  an  emergency  ration  for  the  U.S.  for  a period  of  approximately 
5. 3 days. 

In  the  case  of  Colorado,  the  quantity  of  milk  presently  stored  in 
Denver  (1.025  million  pounds)  would  be  sufficient  for  about  3.9  days  of 
emergency  rations  for  the  State's  total  population. 

X 

Those  USOA/ACS  dried  milk  storage  sites  around  the  U.S.  which  are 
within  risk  areas  should  be  identified  and  plans  made  to  move  such  milk 
to  new  sites  in  the  host  areas  during  the  crisis  relocation  period. 

Storage  requirements  for  these  emergency  supplies  are  not  highly 
restrictive,  except  that  the  storage  locations  should  be  clean  and  dry. 


5. 4. 2. 3 Cereal  and  Cereal  Products. 

Emergency  consumption  standards  for  cereal  and  cer?al  products  are  four 
pounds  per  week,  assuming  other  foods  are  available.  If  grain  is  the 
main  sustaining  food,  two  pounds  (3,000  calories)  per  day  has  bc^n  used 
as  the  quantity  required  for  survival  (Reference  21).  The  United  States 
has  consistently  produced  more  grain  annually  than  required.  It  is 
estimated  that  30%  to  40%  of  the  annual  U.S.  grain  production  for  each 
of  the  years  from  1965  through  1975  would  be  adequate  for  the  minimum 
annual  survival  quantity.  Although  figures  indicate  that  an  overall 
grain  surplus  exists,  there  are  substantial  variations  in  geographic 
distribution  of  grain  stocks.  Garland  (Reference  21)  indicates  that  the 
average  food  supply  from  grain  stocks  varied  from  approximately  a two- 
day  food  supply  in  the  New  England  states  to  approximately  34  years  in 
North  Dakota.  In  general,  stocks  are  stored  in  the  grain-producing 
areas,  with  other  areas  maintaining  only  working  inventories.  A study 
by  Haaland  (Reference  22)  indicates  that  46  million  people  in  the  United 
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States  live  in  grain-poor  areas  where  local  grain  stocks  would  supply 
less  than  five  days  worth  of  food  under  emergency  conditions. 

One  attractive  stockpiling  option  in  an  extended  crisis  period  would 
entail  the  movement  of  stored  grain  from  risk-area  silos  to  grain-poor 
regions  of  the  U.S.  Both  Garland  (Reference  21)  and  Haatand  (Reference 
22)  have  computed  the  transportation  requirements  associated  with 
massive  movements  of  grain  thoughout  the  U.S.  Haaland  has  estimated  the 
transport  requirements  for  providing  six  weeks*  supply  of  wheat  to 
grain-deficit  areas  in  the  U.S.  based  on  consumption  levels  of  approxi- 
mately two  pounds  of  grain  per  person  per  day.  He  indicates  that  1.2 
million  tons  of  wheat  could  be  moved  to  grain-deficit  areas  in  just 
under  four  weeks,  while  utilizing  less  than  2%  of  the  1970  rail  capabil- 
ity and  IX  of  the  1970  trucking  capability  during  that  period.  Working 
with  comparable  grain  volumes.  Garland  (Reference  21)  has  analyzed 
regional  grain  requirements  on  a state-by-state  basis.  Garland's  analy- 
sis also  indicates  that  the  U.S.  transportation  system  could  accommodate 
massive  movements  of  grain  during  an  extended  preattack  period. 


Railroads  would  bear  the  brunt  of  any  grain  shipments  during  an 
extended  crisis  period.  The  railroads  are  equipped  to  carry  grain  in 
large  quantities,  and  grain  loading  and  unloading  equipment  exists 
throughout  the  grain-producing  rural  areas.  On  a ton-mile  basis,  rail- 
roads cost  only  about  one-fifth  as  much  as  trucks  and  are  about  four 
times  as  f ue 1 -e f f i c i ent . Thus,  rail  is  more  suitable  for  longer  hauls 
of  bulk  commodities.  Trucks  and  barges,  of  course,  would  be  essential 
for  part  of  the  work. 

One  problem  in  shipping  grain  to  grain-poor  host  areas  in  an 
extended  crisis  period  is  that  some  of  these  areas  have  limited  storage 
capacity.  For  example,  Garland  indicates  that  the  rated  off-farm  grain 
storage  capacity  in  the  New  England  states  on  January  1,  1970  was  only 
4.1  million  bushels.  Garland  suggests  that  one  action  which  would  help 
alleviate  this  situation  is  the  development  of  federal  incentive 
programs  to  encourage  construction  of  commercial  grain  storage  facili- 
ties. Conversion  of  ordinary  warehouses  to  bulk  storage  facilities 
would  also  increase  the  wheat  storage  capability  of  grain-poor  host 
areas.  Uheat  need  not  be  stored  in  elevators;  much  of  the  wheat  and 
other  grains  are  presently  stored  in  bulk  in  single-story  warehouses. 
Many  warehouse-type  structures  are  suitable  for  bulk  grain  storage; 
provided  the  walls  are  of  sufficient  strength  to  withstand  the  lateral 
pressure.  Even  where  warehouse  walls  are  not  strong  enough,  grain  in 
sacks  is  often  stacked  along  the  walls  to  help  support  the  bulk  grain. 

Under  conditions  of  extended  crisis,  then,  grain  stocks  should  be 
moved  from  risk-area  elevators  to  appropriate  host-area  storage  facili- 
ties. Crisis  relocation  plans  for  risk  areas  should  identify  any 
significant  stocks  of  grain  which  are  at  risk  under  threat  of  nuclear 
attack.  At  the  same  time,  planners  in  host  areas  should  identify  any 
space  which  could  be  used  for  grain  storage.  State  and  regional  plans 
should  contain  provisions  for  identifying  movement  patterns  from  risk- 
area  terminals  to  host-area  storage  under  extended  crisis  conditions. 


71 


5.5 


Adjustments  which  would  increase  activity  within  the  risk  area 
place  greater  stress  on  the  transportation  system  than  does  the  basic 
crisis  relocation  situation  in  which  workers  commute  to  the  risk  at ea 
only  for  critical  activities.  In  addition,  the  stockpiling  of  fuel  and 
food  during  the  extended  crisis  relocation  period  would  add  somewhat  to 
the  base  case  transportation  requirements.  Increased  host  area  activ- 
ity. however,  would  reduce  transport  distances  and  hence  overall  trans- 
port requirements. 


An  analysis  of  the  extended  crisis  situation  indicates  that  neither 
the  base  case  nor  any  of  the  adjustments  examined  result  in  binding 
transportation  or  fuel  support  constraints  Moreover,  since  potential 
postattack  shortages  of  fuel  are  anticipated,  the  stockpiling  of  fuel 
supplies  within  the  host  area  is  strongly  ret onmended  dm  mn  any 
extended  crisis  period.  Foodstuffs  should  also  be  stockpiled  within  the 
host  area  during  a period  of  extended  crisis,  and  an  attempt  should  be 
made  to  expand  the  output  of  any  food  and  furl  processing  facilities 
located  in  the  host  area  and  to  reactivate  any  recently  closed  food  pro 
cessing  plants. 


I 
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6.  IMPLICATIONS  OF  POS1ATTACK  RESEARCH  ON  PREATTACK  CRP  GUIDELINES 


The  results  of  the  postattack  research  on  the  Colorado  Springs 
study  area  have  been  reviewed  in  light  of  the  current  guidance  for 
crisis  relocation  planning  (Reference  6).  As  a result  of  this  review, 
it  appears  that  the  basic  strategy  proposed  for  providing  transportation 
under  crisis  relocation  conditions  is  sound,  although  certain  changes 
and  additions  are  recommended.  The  analysis  accompanying  the  dam.iie 
assessment  and  evaluation  procedures  brought  to  light  several  elements 
which  should  be  included  in  the  crisis  relocation  guidance  issued  by  the 
federal  government  and  in  the  crisis  relocation  plans  for  specific 
areas.  These  elements  include: 

1.  Provision  for  moving  critical  vehicles  (such  as  switch  engines 
and  debris-removal  equipment)  out  of  risk  areas  where  possi- 
ble. and  assembling  parts  inventories  within  the  host  areas: 

2.  Guidelines  for  identifying  key  host  area  railyards  and  plan- 
ning tor  their  expansion; 

3.  Guidelines  for  preparing  a list  of  critical  pipeline  repair 
facilities  and  plans  to  protect  then.; 

4.  Provision  for  stockpiling  fue'  as  soon  as  possible  during 
crisis  relocation,  for  constiucting  expedient  bulk  storaoe 
facilities  within  the  host  area,  anti  for  supporting  plant  for 
peacetime  crude  stockpiles  jnd  i esearen  into  expedient  storage 
structures  and  product  storage,  and 

5.  Provision  for  identifying  key  host-  and  iisk-atea  truckstops. 
outlining  the  role  oi  these  truckstops  under  crisis  relocation 
conditions,  and  forming  a peacetime  organization  of  truckstop 
owners . 


6 .  1 nOVUTEMT  OF  CRITICAL  VEHICLES  AND  ASSEMBLY  Of  PARTS  LNV.f  NIQ5.I  EJ 
6.1.1  Movement  of  Critical  Vehicles 

Risk-area  transportation  plans  should  provide  for  the  transfer  of 
critical  vehicles,  such  as  switch  engines  and  debris  removal  equipment, 
to  appropriate  host  areas  during  the  crisis  relocation  period.  Due  to 
their  vulnerable  concentration  in  railroad  classification  yards,  switch 
engines  are  expected  to  have  lower  survival  rate  than  line-haul  loco- 
motives and  freightcars.  Switch  engines  and  other  power  units  will  he 
urgently  needed  during  the  postattack  period,  and  plans  should  therefore 
be  made  to  move  as  many  as  possible  out  of  the  risk  area  during  the 
latter  part  of  the  relocation  period.  Railroad  debr l s- r emova I equipment 
should  also  be  moved  to  the  host  area.  In  developing  the  Transportation 
Annex  of  risk-area  plans,  planners  should  review  equipment  inventories 
with  rail  personnel;  determine  how  many  of  each  category  of  equipment 
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should  be  moved;  and  arrange  for  the  transfer  of  this  equipment  to 
appropriate  host  area  locations.  In  addition,  specialized  motor  vehi- 
cles such  as  ambulances,  dump  trucks,  construction  equipment,  and 
debris-removal  vehicles,  should  be  moved  to  the  host  area  during  reloca- 
tion to  the  extent  that  this  is  possible  without  disrupting  risk  area 
operations.  Risk  area  planners  should  follow  similar  procedures  in 
reviewing,  locating,  identifying,  and  arranging  for  the  protection  of 
these  vehicles. 


6.1.2  Assembly  of  Parts  Inventories  Hithin  Host  Areas 

Locomotive  spare  parts  and  maintenance  manuals  should  be  moved  to 
the  host  area  during  the  crisis  relocation  period.  Parts  for  trucks  and 
other  critical  vehicles  should  be  moved  to  the  host  area  as  well:  Risk 
area  planners  should  identify  which  types  of  items  should  be  moved, 
locate  them,  estimate  the  quantities  involved,  and  arrange  for  their 
transfer  under  crisis  relocation  conditions. 


6 . 2 IDENTIFYING  KEY  HOST  AREA  RAILYAROS  AND  PLANNING  FOR  EXPANSION 

The  movement  of  critical  rolling  stock  to  the  host  area  was 
discussed  in  Chapter  2 and  summarized  in  Section  6.1.  Possible  host 
area  locations  to  which  this  rolling  stock  can  be  moved  during  the 
crisis  relocation  period  should  be  identified,  and  the  estimated  capac- 
ity and  other  relevant  data  on  each  potential  site  should  be  included  in 
the  planning  process  and  made  a part  of  the  Transportation  Annex.  In 
general,  railroad  officials  see  no  problem  in  finding  space  to  set  out 
critical  rolling  stock;  most  railroads  have  double  track  or  sidings 
every  few  miles  in  order  for  trains  to  pass.  Also,  in  time  of  emergency 
there  would  be  no  need  to  use  only  company-owned  track.  In  fact,  rail- 
roads normally  have  mutual  agreements  for  the  common  use  of  track. 

In  addition  to  locating  host  area  locations  where  critical  rolling 
stock  could  be  sited,  key  host  area  railroad  terminals  should  be  identi- 
fied. The  problem  of  loading  and  unloading  freightcars  could  be  very 
serious  if  main  terminals  are  badly  damaged  or  destroyed  in  an  attack  on 
urban  centers.  Therefore,  key  host  area  terminals  should  be  identified 
and  plans  made  for  their  expansion,  including  plans  for  provision  of 
mater i al s-hand 1 i ng  equipment. 

Discussions  with  railroad  industry  personnel  will  provide  state  and 
local  planners  with  data  on  potential  siting  locations  for  rolling  stock 
and  on  key  host-area  terminals  suitable  for  expansion.  In  addition, 
such  discussions  will  introduce  railroad  officials  to  civil  defense 
thinking  and  provide  these  officials  with  some  idea  of  what  may  be 
expected  of  them  in  the  event  of  a crisis. 
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' IJLLLS 


Petroleum  pipeline  terminal  facilities,  including  pumps,  instrumen- 
tation, communications,  and  storage  tanks,  are  critical  links  in  the 
fuel  supply  system  network  and  should  be  protected  where  possible. 

Where  such  facilities  are  located  on  the  fringes  of  target  areas,  they 
would  not  be  completely  destroyed  but  would  receive  light  to  moderate 
damage.  Even  light  damage  could  render  these  facilities  inoperable  in 
the  first  days  and  weeks  after  an  attack  when  fuel  will  be  critically 
needed.  In  many  instances,  such  facilities  can  be  relatively  easily 
protected  with  sandbags,  steel  mesh,  or  earth  embankments.  Protection 
measures  for  petroleum  facilities  are  discussed  by  Stephens  (Reference 
16).  Discussions  with  petroleum  industry  officials  will  provide  plan- 
ners with  data  necessary  to  identify  key  pipeline  facilities.  Guidance 
for  the  protection  of  such  facilities  should  be  included  in  the  Petro- 
leum Annex,  along  with  a set  of  priorities  for  protection  reflecting 
both  the  importance  of  the  facility  and  the  anticipated  level  of  damage 
at  the  site. 


It  is  likely  that  there  will  be  a critical  shortage  of  fuel  in  the 
postattack  period.  Where  possible,  therefore,  fuel  should  be  stockpiled 
in  the  host  area  during  the  preattack  period.  Stockpiling  activities 
should  begin  as  soon  as  possible  during  crisis  relocation. 


The  first  host  area  fuel  storage  facilities  to  be  filled  during  the 
crisis  relocation  period  would  be  such  traditional  facilities  as  second- 
ary bulk  terminals,  gasoline  station  tanks,  and  the  tanks  of  impounded 
automobiles.  If  the  crisis  remains  unresolved  for  more  than  a week 
following  the  completion  of  relocation,  however,  the  combined  capacity 
of  these  facilities  may  be  exceeded.  Additional  storage  capacity  would, 
in  most  areas,  be  quite  useful;  however,  the  construction  of  new  tradi- 
tional storage  facilities  would  be  costly  and  require  several  months  to 
complete.  Therefore,  expedient  storage  may  be  more  suitable  for  adding 
to  host  area  fuel  storage  capacity.  One  promising  type  of  expedient 
storage  facility  entails  the  use  of  collapseable  rubber-plastic  contain- 
ers. This  type  of  storage,  referred  to  ns  "embankment  support  storage," 
has  thus  far  been  developed  for  crude  or  petroleum  products  up  to  a 
capacity  of  25,000  barrels.  In  collapsed  form,  a crated  container  can 
be  delivered  to  a site  on  a semi  - truck - tr a i 1 cr . Total  construction  time 
is  about  one  week.  Total  cost  is  about  two-thirds  that  of  the  conven- 
tional permanent  tank-type  storage. 


Continuing  research  on  expedient  storage  facilities,  such  as  the 
earth  embankment  type,  should  be  encouraged.  At  present,  research  on 
the  25,000  barrel  earth  embankment  type  of  expedient  storage  is  being 
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conducted  by  the  U.S.  Army  end  ru-ber  manufacturers.  Several  types  of 
smaller  collapseable  rubberized  fuel  storage  units,  however,  are  pres- 
ently being  manufactured  and  are  readily  available. 

Working  uith  petroleum  industry  officials  and  regional  and  local 
Department  of  Energy  officials,  civil  defense  planners  should  prepare 
guidelines  which  include  data  on  existing  and  potential  risk  and  host 
area  fuel  storage  facilities.  Plans  should  include  data  on  existing 
fuel  storage  locations,  capacity,  pumping  rates,  number  of  loading  bays, 
the  type  of  fuel  which  can  be  handled,  as  well  as  guidelines  for  the 
possible  construction  of  expedient  storage  facilities. 


6.4.2  Peacetime  Crude  Stockpiles 

At  present,  about  half  of  all  crude  refined  and  consumed  in  the 
ll.S.  comes  from  foreign  sources.  U.S.  energy  policy  calls  for  increas- 
ing the  quantity  of  crude  stockpiled  in  the  nation  over  the  next  several 
years.  The  primary  sites  for  this  planned  build-up  of  crude  storage  are 
salt  domes  located  mainly  in  the  Gulf  States  region.  Research  on  this 
project  is  continuing,  and  actual  filling  of  the  initial  sites  is  under- 
way. Present  plans  are  to  reach  a level  of  one  billion  barrels  by  1982. 
Civil  defense  representatives  should  support  this  stockpiling  policy, 
and  incorporate  such  stockpiles  in  postattack  recovery  plans. 


6.5  1EENXI  LYING.  AND_ EMPLOYING  KEY  HOST-  AND  RISK-AREA  TRUCKSTOPS 

The  relative  invulnerability  of  truckstops  to  nuclear  attack, 
coupled  with  their  importance  in  the  day-to-day  movement  of  intercity 
traffic,  make  them  a pivotal  resource  in  any  crisis  relocation  plan. 

The  role  of  truckstops  in  crisis  relocation  planning  has  been  discussed 
in  detail  in  Reference  \3  and  summarized  in  Chapter  3.  Reference  13 
provides  basic  data  on  2,682  U.S.  truckstops,  including:  name,  address, 
telephone  number,  and  brand  of  fuel  sold.  It  also  outlines  the  roles  of 
risk  area  and  host  area  truckstops  under  crisis  relocation  conditions. 
Using  Reference  13  as  a guide,  planners  should  work  uith  truckstop  oper- 
ators to  prepare  planning  guidelines  outlining  the  activities  of  local 
truckstops  under  crisis  relocation  conditions.  Working  with  truckstop 
operators  in  the  preparation  of  the  guidelines  will  ensure  that  each 
operator  is  familiar  with  the  possibilities  and  responsibilities  of  his 
role  under  emergency  conditions.  The  peacetime  formation  of  a nation- 
wide association  of  truckstop  operators  organized  for  the  purpose  of 
providing  emergency  fuel  and  support  would  provide  a focal  point  for 
such  planning  and  contribute  significantly  to  the  nation's  emergency 
preparedness  posture. 
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6.6  sunnARY  or  PREAT T ACK  implications 


A review  of  the  implications  of  the  indicated  changes  on  preattack 
crisis  relocation  guidelines  has  resulted  in  the  identification  of 
several  important  measures  which  should  be  taken  during  the  preattack 
period.  One  of  these  is  planning  for  the  transfer  of  critical  vehicles, 
such  as  switch  engines,  debris  removal  equipment,  and  specialized  motor 
vehicles,  to  the  host  area  during  the  crisis  relocation  period.  Plans 
should  be  made  to  move  as  many  vehicles  as  possible  without  disrupting 
the  orderly  flow  of  necessary  work.  Locomotive  spare  parts  and  mainte- 
nance manuals,  as  well  as  parts  for  trucks  and  other  critical  vehicles, 
should  be  stockpiled  in  the  host  area  during  the  crisis  relocation 
period. 

Provision  should  also  be  made  for  identifying  key  host  area  trans- 
portation terminals,  such  as  truckstops  and  railyards,  and  planning  for 
their  use  under  crisis  conditions. 

Pipelines  and  pipeline  terminals  are  critical  elements  in  the  fuel 
supply  system  network,  and  should  be  protected  where  possible.  Rela- 
tively basic  measures  can  provide  protection  against  light  or  moderate 
damage  which  could  render  such  facilities  inoperable  during  the  first 
days  and  weeks  after  an  attack,  when  fuel  will  be  critically  needed. 

The  identification  of  critical  pipeline  facilities  and  guidance  and 
priorities  for  their  protection  should  be  included  in  the  Petroleum 
Annex . 

A critical  fuel  shortage  during  the  postattack  period  is  likely. 
Therefore,  host  area  fuel  stockpiling  should  be  carried  out  as  early  as 
possible  in  the  crisis  relocation  period.  Storage  capacity  in  the  host 
areas  is  likely  to  be  limited  to  secondary  bulk  storage,  underground 
tanks  in  retail  gasoline  stations,  and  the  fuel  tanks  of  impounded  auto- 
mobiles. This  storage  capability  could  be  augmented  within  one  week  by 
expedient  storage  facilities  comprised  of  rubber-plastic  containers. 
Local  plans  should  include  data  on  existing  fuel  storage  locations, 
capacity,  pumping  rates,  number  of  loading  bays,  and  the  type  of  fuel 
which  can  be  handled,  as  well  as  guidance  on  potential  storage  facili- 
ties and  possible  construction  of  expedient  storage.  Postattack  fuel 
shortages  could  also  be  alleviated  through  the  use  of  crude  currently 
being  stored  in  salt  domes  underground  as  a hedge  against  future  import 
embargos . 


7.  FIELD  TESTS  OF  TRANSPORTATION  PROTOTYPE  PLANS  AND  PLANNING 

GUIDELINES 


7. 1 INTRODUCTION 

During  the  final  stages  of  the  research,  field  tests  were  conducted 
in  an  attempt  to  validate  the  guidelines  and  plans  contained  in  Volumes 
II  and  III  of  this  report.  These  field  tests  took  the  form  of  inter- 
views with  planners  and  industry  personnel  designed  to  validate  the 
approach  and  materials,  and  to  elicit  comments  and  data  regarding  the 
subject  matter.  Specific  data  from  these  interviews  have  been  incorpo- 
rated into  the  final  versions  of  the  case  studies,  planning  guidelines, 
and  prototype  plans  constituting  the  four  volumes  of  this  report.  This 
chapter  outlines  the  subject  areas  included  in  the  field  tests,  the 
general  approach  to  the  respondents,  a summary  of  the  responses,  and 
conclusions  and  recommendations. 

The  general  objective  of  the  field  test  program  was  to  evaluate  how 
well  the  prototype  plans  and  planning  guidelines  met,  at  a minimum,  the 
following  criteria: 

1.  The  guidelines  should  be  understandable  and  usable  by  the  DCPA 
regional,  state  and  local  personnel  who  will  be  developing 
plans  for  their  own  jurisdictions. 

2.  The  plans  themselves  must  make  sense  to  the  transportation 
industry  officials  whose  job  it  will  be  to  implement  the  plans 
under  crisis  relocation. 

These  dual  criteria  suggested  that  testing  of  plans  and  guidelines  would 
require  contact  both  with  DCPA  planners  and  with  industry  personnel. 
Accordingly,  separate  interview  programs  were  undertaken  at  two  levels: 

1.  The  planning  level  (DCPA  regional,  state  and  local  planners); 
and 

2.  The  implementation  level  (transportation  industry  personnel). 


7.2  VALIDATION  AT  THE  PLANNING  LEVEL 

To  validate  the  guidelines  at  the  planning  level,  SYSTAN  personnel 
interviewed  selected  DCPA  regional,  state  and  local  personnel  involved 
in  nuclear  civil  protection  planning  to  secure  their  views,  inputs  and 
recommendations  on  the  developed  guidelines.  Interviews  were  conducted 
in  three  regions,  selected  jointly  by  DCPA  and  SYSTAN,  to  cover  a repre- 
sentative range  of  planning  experience,  both  geographically  and  func- 
tionally. The  three  regions  were  DCPA  Region  III  (headquarters  in  Tliom- 
asville,  Georgia),  Region  VI  (headquarters  in  Denver,  Colorado),  and 
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Region  VII  (headquarters  in  Santa  Rosa,  California).  A variety  of  state 
and  local  planners  were  present  at  these  meetings,  and  each  meeting  was 
preceded  by  a series  of  telephone  contacts  eliciting  information  regard- 
ing the  planners'  experience  with  the  guidelines. 


7.2.1  Approach  Overview 

Most  of  the  respondents  were  familiar  with  the  earlier  transporta- 
tion planning  guidance  (Reference  6),  and  had  working  experience  in 
applying  that  guidance  to  their  particular  problems.  Generally,  the 
roles  of  these  individuals  were  known  to  the  SYSTAN  staff. 

A variety  of  approaches  were  used  in  gathering  information  from 
DC PA  planners.  In  most  instances,  individual  telephone  interviews  were 
followed  by  an  informal  round-table  discussion  with  the  planners  in  the 
region.  In  one  instance  (Region  VI),  a formal  presentation  was  deliv- 
ered to  a meeting  of  state  DCPA  representatives.  Whatever  the  approach, 
the  information  sought  was  the  same  in  all  cases: 

1.  Description  of  the  individual's  role  in  crisis  relocation 
p 1 ann i ng ; 

2.  Exploration  of  past  experience  with  crisis  relocation  planning 
guidance  and  prototype  materials; 

3.  Discussion  of  specific  problems  encountered  in  using  guidance 
to  develop  crisis  relocation  plans; 

4.  Reaction  to  key  elements  of  revised  postattack  guidance; 

5.  Discussion  of  impact  of  planning  materials  on  respondent's 
activities; 

6.  Solicitation  of  additional  data  and  suggestions  for  improve- 
ments; and 

7.  Derivation  of  conclusions  regarding  the  materials. 


7.2.2  Summary  of  Sample  PI  anner..  Comments 

The  following  list  of  comments  summarizes  the  major  reactions  to 
the  planning  process  in  general,  and  transportation  guidance  in  particu- 
lar, elicited  from  DCPA  planners  during  the  review  process.  SYSTAN's 
observations  on  each  comment  are  included  in  the  list.  Additional 
conclusions  and  recommendations  appear  in  subsequent  sections  of  this 
chapter . 


- 79  - 


ILEMERAL  CMW1EHTS  ON  ALL  PCPA  CRP  CU I DANCE 


Planner  Comment:  The  material  provided  is  too  detai led. .. There 's  too 
much  for  the  planner  to  plow  through  and  absorb. 

Observation:  This  comment  was  the  single  observation  heard  most  often, 

and  was  echoed  by  almost  every  planner  interviewed.  The  planners' 
complaints  appear  justified  to  some  extent.  Perhaps  PCPA  should 
attempt  to  summarize  guidance  in  a checklist  format  for  use  by 
local  planners.  However,  the  subject  is  a complex  one  and  it  is 
necessary  for  someone  at  the  state  and  regional  level  to  absorb  and 
understand  the  detailed  material. 


Planner  Comment;  The  organizational  guidelines  developed  in  the  proto- 
type plans  for  Colorado  are  not  necessarily  consist- 
ent with  organizational  set-ups  in  other  states. 
Planners  have  trouble  sorting  out  what  is  to  be  done 
at  the  regional  level,  what  is  to  be  done  at  the 
state  level,  and  what  is  to  be  done  at  the  local 
I eve  1 . 

Observation : Admittedly,  organizational  structures  mas’  vary  from  state 
to  state,  and  the  guidelines  were  developed  by  consultants  who 
could  bridge  regional,  state  and  local  levels  more  easily  than 
planners  operating  at  one  level  or  another.  However,  the  prototype 
plans  indicate  what  is  generally  expected  at  each  level,  so  that 
planners  should  be  able  to  sort  out  regional,  state  and  local 
duties.  The  distinction  between  regional  and  state  respons  i b i 1 i - 
ties  may  not  always  be  clear-cut,  but  resolution  of  most  conflicts 
should  be  possible  at  the  regional  level  without  holding  up  the 
planning  process.  Any  attempts  on  the  part  of  national  DCPA  head- 
quarters to  account  for  the  organizational  variety  existing  from 
state  to  state  would  increase  the  level  of  detail  in  the  guidelines 
fifty-fold. 


SPECIFIC  COMMENTS  OH  TRANSPntUAT  ION  C-UIPANCE 


Planner  Comment:  We  had  trouble  calculating  transportation  stress,  and 
finally  just  used  the  graphs  you  provided  in  the 
gu 1 de 1 i nes . 


Since  the  formulas  for  transportation  stress  proved 
confusing  to  several  planners,  worksheets  have  been  added  to  the 
revised  guidance  to  help  planners  compute  transportation  stress. 
The  original  graphs  were  intended  as  a simplified  stress  analyzing 
technique,  and  they  seem  to  have  served  that  purpose  well. 
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Planner  Comment : 


Since  food  and  other  commodities  will  probably  be 
transported  in  closed  vans,  cubic  volume  measures 
appear  to  be  more  appropriate  for  computing  transpor- 
tation requirements  than  weight  measures. 


Observat i on : This  point  is  well  taken.  The  revised  food  guidelines 
contain  cubic  volume  conversion  factors  for  the  most  common  food 
commodi ties. 


Planner  Comment:  The  OCPA  headquarters  requirement  that  state  plans  be 
produced  before  local  plans  is  backwards  in  the  case 
of  both  food  and  transportation.  It's  difficult  to 
develop  reallocation  plans  at  the  state  level  before 
you  know  what  needs  to  be  moved  at  the  local  level. 


Observat i on : This  comment  appears  to  be  valid.  One  jurisdiction 

(Region  VI)  has  resolved  this  conflict  by  addressing  only  organiza- 
tional issues  in  the  first  draft  of  the  state  annex,  with  the 
intention  of  addressing  substantive  reallocation  questions  once 
local  plans  are  well  underway.  y 


7.2.3  General  Responses  to  Observations 

Where  possible,  the  comments  of  the  planners  have  been  reflected  in 
these  report  materials.  In  many  cases,  however,  the  comments  reflect 
the  need  for  a tightening  and  summarizing  of  &1J.  guidance  materials, 
which  was  beyond  the  scope  of  the  current  contract.  A few  observations 
regarding  the  overall  guidance  and  prototype  materials  are  listed  below. 

1.  At  all  levels,  the  planners  interviewed  were  conversant  with 
the  DCPA  guidance  and,  for  the  most  part,  were  using  these 
materials  as  a basis  for  their  planning  activities. 

2.  Although  the  DCPA  guidance  materials,  in  their  present  form, 
appear  to  provide  a generally  acceptable  and  consistent  basis 
for  planning,  they  might  be  improved  through  the  development 
of  summary  material  highlighting  key  points  and  providing  a 
checklist  for  planners  to  follow. 

3.  The  wide  range  of  background  experience  of  the  many  individual 
planners,  and  the  significant  differences  between  geographical 
areas  and  levels  of  responsibility,  limits  the  applicability 
of  any  single  guidance  document.  Because  it  is  not  feasible 
to  produce  specific  guidance  to  cover  each  situation,  it  is 
desirable  provide  interpretive  sources.  Ihese  may  be  supple- 
mentary written  materials,  oral  briefings,  or  audio-visual 
materials. 

A.  Certain  of  the  more  detailed  calculations  required  in  the 

planning  process  proved  confusing  to  several  planners.  Work- 
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sheets  have  been  added  to  the  revised  guidance  to  help 
planners  compute  transportation  stress,  but  more  of  these 
types  of  computation  aids  should  be  considered. 


7.3  VALIDATION  AT  THE  IMPLEMENTAT ION  LEVEL 

Final  responsibility  for  implementing  the  transportation  portions 
of  the  relocation  plan  under  emergency  conditions  will  rest  uith  the 
members  of  the  rail  and  trucking  industries  currently  responsible  for 
transporting  essential  commodities  throughout  the  United  States.  To 
validate  CRP  plans  at  the  implementation  level,  the  planning  guidance 
was  discussed  uith  a uide  variety  of  industry  representatives.  Members 
of  industry  trade  associations  uere  interviewed,  as  uere  individual 
representatives  of  the  rail  and  trucking  industries.  A sampling  of 
truckstop  operators  was  also  contacted.  The  reactions  of  these  industry 
representatives  to  the  CRP  plans  and  guidelines  are  summarized  in 
Section  7.3.2.  Where  appropriate,  their  reactions  have  been  incorpo- 
rated in  Volumes  II,  III  and  IV. 


7.3.1  Subject  Areas  Covered 


As  appropriate  to  the  respondent,  the  field  interviews  uere  struc- 
tured to  develop  data  and  evaluate  the  guidance  in  terms  of  functional 
subject  areas.  These  correspond  to  the  major  subdivisions  of  the  plan- 
ning guidel ines : 

A.  Vehicles 

A. I National  and  local  inventories  and  usage; 

A. 2 Requirements  for  CRP  movement  of  people; 

A. 3 Requirements  for  CRP  movement  of  cargo;  and 

A .4  Effects  of  probable  postattack  situation. 


B.  Road  and  Rail  Network  Capacity 

B.l  Sources  of  information; 

B.2  Planning  guidelines  and  procedures;  and 

B.3  Probable  postattack  situation  summary. 


C.  Fuel  for  Transportation 

C . 1 Overview  of  fuel  transportation  system; 

C.2  Fuel  requirements; 

C.3  Motor  fuel  control  and  distribution; 

C.4  Preattack  food  stockpiling; 

C.5  Protecting  critical  industries;  and 
C.6  Probable  postattack  situation  summary. 


In  addition,  field  interviews  were  conducted  on  the  special  subject 
of  the  role  of  truckstops  in  crisis  relocation.  Pertinent  subject  areas 
included : 
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1.  Overview  of  the  truckstop  network; 


2.  Inventory  of  U.S.  truckstops; 

3.  Importance  of  truckstops  in  intercity  cargo  movement; 

4.  Potential  role  of  truckstops  in  crisis  relocation  planning; 
and 

5.  Development  of  a nationwide  emergency  organisation. 


7.3.2 


7.3.2. 1 Rail  Industry  Personnel. 


Representatives  of  the  rail  lines  serving  Colorado  Springs,  as  well 
as  rail  industry  personnel  in  the  San  Francisco  Day  Area,  were  contacted 
before,  during  and  after  the  prototype  plans  were  drafted.  Colorado 
Springs  representatives  identified  suitable  sidings  in  the  host  area  for 
storing  rolling  stock  and  switch  engines  in  time  of  crisis.  In  review- 
ing the  draft  guidelines,  rail  industry  personnel  suggested  spotting 
flatcars  loaded  with  preassembled  rail  panels  at  various  host-area  loca- 
tions in  order  to  facilitate  postattack  repairs.  This  suggestion  has 
been  incorporated  in  the  planning  guidance.  The  estimate  that  at  least 
30  days  would  be  required  to  restore  rail  operations  following  an  attack 
represents  the  consensus  of  the  rail  personnel  interviewed. 


7. 3. 2. 2  Trucking  Industry  Representatives. 

Representatives  of  the  American  Trucking  Association  (ATA),  as  well 
as  individual  truckers  in  Colorado  and  Northern  California,  were 
contacted  in  assembling  estimates  of  the  relative  importance  of  truck- 
stops  in  developing  postattack  plans  and  guidelines.  The  truckstop 
study  led  to  the  identification  of  major  private  fleets  and  fueling 
points,  a proposed  subject  for  future  research.  Proposed  procedures  for 
dri ver-dispatcher  contact  under  emergency  conditions  were  checked  with 
trucking  industry  representatives,  and  members  of  the  ATA  in  particular 
were  enthused  about  the  prospect  of  an  emergency  truckstop  organization. 


7. 3. 2. 3  Truckstop  Operators. 

The  report  on  truckstops  (Volume  III)  was  reviewed  twice  by  Ed 
Slibeck  of  Union  Oil  and  the  National  Transportation  Fueling  Corpora- 
tion, and  his  comments  have  been  incorporated  in  the  final  draft.  Mr. 
Slibeck  is  one  of  the  foremost  authorities  on  truckstops  in  the  United 
States.  In  addition,  SYSTAN  personnel  visited  truckstops  in  both 
Virginia  and  California  to  review  operating  procedures  and  discuss  the 
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concept  of  the  proposed  emergency  organisation  with  truckstop  operators. 
Mr.  Slibeck  has  subsequently  discussed  this  concept  with  a wide  range  of 
industry  representatives. 


7. 3. 2. 4 Fuel  Industry  Personnel. 

Fuel  industry  representatives  in  Colorado  were  visited  in  the 
course  of  the  postattack  study,  and  were  contacted  following  the  devel- 
opment of  the  prototype  plans  to  check  the  feasibility  of  proposed 
postattack  alternatives.  These  representatives  estimated  the  transpor- 
tation impacts  on  fuel  movement  which  would  result  if  Denver  pipelines 
were  destroyed,  and  identified  alternative  points  at  which  surviving 
pipelines  might  be  tapped.  Their  observations  led  to  the  suggestion 
that  pipeline  terminals  on  the  fringes  of  anticipated  blast  areas  should 
be  among  the  first  facilities  to  be  hardened  against  blast  effects. 


7.4  RECOflNENDAT  IONS 

Additional  transportation  research  that  might  be  considered  by  Dtl'A 
includes: 

• A joint  venture  with  NDTA  to  conduct  emergency  exercises  and 
develop  audio-visual  materials  in  support  of  the  CRP  process. 

• A study  similar  to  the  Volume  III  truckstop  study  to  assess  the 
role  of  private  truck  fleets  and  their  support  terminals  in  time 
of  crisis.  These  fleets  and  terminals  account  for  an  estimated 
325C  of  the  diesel  fuel  used  in  intercity  cargo  transportation, 
and  a larger  percentage  of  intracity  fuel  consumption. 

• A parametric  analysis  of  the  implications  of  wider  population 
dispersal  during  crisis  relocation  on  transportation  and  fuel 
requirements. 

• A nationwide  commodity  movement  model  to  provide  a basis  for 
quantifying  the  increases  in  transportation  distances,  vehicle 
requirements,  and  fuel  consumption  resulting  from  a range  of 
attack  patterns. 

• Development  of  a simplified,  summarized  version  of  planning 
guidance,  explicitly  specifying  what  is  expected  of  each  crisis 
relocation  transportation  planner. 
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APPENDIX  A 


VEHICLES 


TABLE  A-l 

TRANSIT  VEHICLE  INVENTORY: 


QLORADO  SPRINGS  AND  EL  PASO  COUNTY 


TYPE 

NO.  OF 

VEHICLES 

SEATING 

CAPACITY 

TOTAL  SEATS 
AVAILABLE 

Intercity 

9 

50 

450 

Local  Bus 

Capacity  A 

25 

46 

1,150 

Capacity  B 

6 

33 

198 

School  Bus 

174 

25 

4,350 

Tour  Bus 

6 

20 

120 

Van 

8 

14 

112 

Li  mo  i 

3 

7 

21 

Taxicab 

44 

5 

220 

TOTALS 

275 

241 

6,621 

TABU!  A- 2 


COMMON  CARR  I PR  CARGO  VEHICLE  INVENTORY 
COLORADO  SPR1NCS 


AVERAGE  NUMBER  BY  WEIGHT* 


VEHICLE 

LIGHT 

MEDIUM 

HEAVY 

TOTAL 

TRUCK 

Tank 

- 

5 

/ 2 

7 

Flat  5 Rack 

- 

321 

9 

330 

Van 

- 

94 

36 

130 

Refrigerator 

- 

4 

- 

4 

Other 

1080 

204 

1 

1285 

TOTAL 

1080 

628 

48 

1756 

TRACTOR  UNITS 

80 

35 

115 

TRAILERS 

Tank 

52 

_ 

52 

Flat  and  Racl 

99 

7 

106 

Van 

37 

9 

46 

Refrigerator 

4 

- 

4 

Other 

9 

- 

9 

TOTAL  0_ 

201 

16 

217 

TOTAL  VEHICLES  1080 

909 

2088 

* 

Light:  Under  10,000  pounds  gross  vehicle  weight  (GVW) 
Medium:  Between  10,000  pounds  and  26,000  pounds  GVW 
Heavy:  Over  26,000  pounds  GVW 


Source:  The  Industrial  Picture  - Colorado  Springs  Chamber  of  Commerce, 
Colorado  Springs,  March,  1973. 
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TABLE  B-l 


1 1 m 


DAMAGE  ASSESSMENT  OF  PETROLEUM  PRODUCTION  AND  STORAGE  CAPABILITIES 
AT  THE  NATIONAL  LEVEL  (BASED  ON  UNCLEX-CHARLIE  ATTACK) 
(Figures  in  Hundreds  of  Barrels) 


Category 

Preattack 

Destroyed 
or  Severely 

Donated 

Accessible 
for  Repair 

0*1SO 

— — — — — — 

Accessible  for  Use 

Level 

D 4 1 

D ♦ 15 

D «■  30 

PETROLEUM  PRODUCTION 

Atotor  Gasol  me 

A of  Preattack 

Total 

972.121 

100.0 

341,406 

35 . 1 

280,381 

28.8 

227,243 

23.4 

316,63' 

32.6 

336,442 

34.6 

Kerosene 

A of  Preattack 

Total 

274,81' 

100.0 

88.634 

32.3 

'6,602 

27.9 

75,335 

2'. 4 

102,936 

37.5 

106,911 

38.9 

Distillate  Fuel  Oi 1 
A of  Preattack 

Total 

51' .90S 
100.0 

206,888 

39.9 

173,634 

33.5 

84.018 

16.  : 

115,282 

22.3 

129,644 

25.0 

Residual  Fuel  Oi' 

A of  Preatrack 
j Total 

1 "*3,605 

100  0 

30,555 

46.4 

66,120 

38.1 

14,851 

S . 6 

23,348 

13.4 

26,234 

15.1 

Total  Production 

1 .958,448 

"IT,  483 

S96."37 

- 

401,447 

- 

558,203 

599,231 

I 

PETROLEUM  STORAGE 

Motor  Gasoline 

A of  Preattack 

Total 

1 ,673, 262 
100.0 

599,628 

35.3 

481 ,0'3 

28.8 

381,338 

22.8 

533, S13 
31.9 

568,162 

34.0 

Kerosene 
* of  Preattack 

Total 

603.241 

100,0 

198,044 

32. S 

165,253 

27.4 

162,972 

27.0 

224,587 

3'. 2 

233,779 

38.8 

Distillate  Fuel  Oil 
A of  Preattack 

Total 

1 , 46$  , 5"2 
100.0 

598,609 

40.3 

492,821 

33.6 

222,444 

IS. 2 

307,588 

21.0 

350,648 

23.9 

Residual  Fuel  Oil 

A of  Preattack 

Total 

450,955 

100.0 

207, '91 

46.  1 

171, S98 

38.1 

39,681 

vS . 8 

62,083 

13.8 

69,47^ 

15.4 

LP  Gas 

A of  Preattack 

Total 

214,972 

100.0 

13,365 

6.2 

102,613 

47.7 

83,697 

38.9 

98,219 

45.' 

98, '21 

45.9 

Total  Storage 

4,408.002 

1,61", 437 

1.413,658 

890,132 

1.320.787 

Source:  Federal  Preparedness  Agency,  Ready  Summary  Analysis  of  Scheduled  Availability  for 
for  Production  (SASAP)  Attack  UNCLEX-CHARLtE  Category  EMR  Estimated  Invent,  of 
Petroleum  Prod.  (March)  National  Summary  and  Category  ESP  Petroleum  Product  Storage 
Capacity  National  Summary,  FP»,  General  Services  Administration,  Washington,  D.C., 
October  19". 


Refinery  Type 

Capaci ty 

Labor  in  Man-Days 

B/D 

0.5  psi 

1 psi 

5 psi 

10  psi 

Large  fuel 

78,000 

36,000 

128,000 

178,000 

292,000 

150,000* 

70,000 

245,000 

341,000 

556,000 

Small  fuel 

24,000 

7,000 

24,000 

36,000 

77,000 

i 

Complete  processing 

194,000 

82,000  j 

289,000 

402,000 

640,000 

Asphalt 

12,000 

3,000 

11,000 

16,000 

28,000 

14,000* 

4,000  | 

13,000 

18,000 

31 ,000 

Asphalt  and  lube 

7,000 

2,000 

6,000 

10,000 

22,000 

Lube 

4,000 

1,000 

4,000 

6,000 

18,000 

27,000* 

7,000 

25,000 

37,000 

72,000 

★ 

Included  to  determine  the  effect  of  refinery  size 
variation  on  repair  equipment. 


Source:  Stephens,  Maynard  M.,  Vulnerability  of  Petroleum  Systems, 
DAHC  20-70-C-0316,  DCPA  Work  Unit  4362A,  May  1973. 


RELOCATION  OF  ORGANIZATIONS 


A*  Necessary  Risk  Area  Operations 


Employees  and 

Relocat ion 

Organ izat ion 

Employees 

Dependents 

Site 

City-County  D&C 

36 

114 

El  Paso 

Mountain  States  T&T 

750 

1,9‘>5 

Fremont 

American  Tel.  & Tel. 

80 

254 

Fremont 

Western  Union  Tel.  Co. 

105 

333 

Fremont 

Station  KP  IK 

21 

67 

Teller 

Station  KRDO 

10 

‘>5 

Fremont 

Station  KVOR 

26 

82 

Fremont 

Station  KSSS 

10 

<)5 

Fremont 

Station  KKTV 

34 

108 

El  Paso 

Colorado  Springs  Sun 

175 

555 

Teller 

Colo.  Spgs.  Cazette-Telegraph 

12 

101 

Teller 

Colorado  Springs  Police 

48 

152 

El  Paso 

Fountain  Police  Dept. 

l 3 

42 

Fremont 

Manitou  Spgs.  Police  Dept. 

14 

44 

Teller 

Colorado  Spgs.  i'rai  fic  Eng. 

1 1 

34 

El  Paso 

Civil  Air  Patrol 

12 

17 

Fremont 

Colorado  Springs  Fire  Dept. 

114 

362 

El  Paso 

Fountain  Fire  Dept. 

10 

32 

Fremont 

Manitou  Spgs.  Fire  Dept. 

11 

35 

To  Her 

Broadmoor  Fire  Prot.  Dist. 

12 

18 

Fremont 

E6E  Ambulance  Company 

50 

155 

Fremont 

Mountain  Valley  Ambulance 

40 

126 

El  Paso 

Penrose  Hospital 

215 

682 

Teller 

Emory  John  Brady  Hospital 

80 

254 

Teller 

Pikes  Peak  Chapter-ARC 

20 

63 

El  Paso 

Myron  Stratton  Home 

75 

218 

Fremont 

Broadmoor  Hotel  Nursing 

130 

412 

Fremont 

City-County  Health  Dept. 

25 

79 

El  Paso 

Colorado  Spgs.  Street  Div. 

10 

32 

El  Paso 

El  Paso  Co.  Coroner 

10 

33 

Teller 

Evergreen  Cemetery 

12 

38 

Teller 

Fairview  Cemetery 

8 

2 5 

Teller 

Evergreen  Funeral  Home 

9 

29 

Teller 

El  Paso  Co.  Social  Serv. 

200 

634 

El  Paso 

Colorado  College 

12 

37 

Fremont 

Dott's  Restaurant 

18 

57 

Fremont 

(Appendix  C,  Continued) 


Employees  and 

Relocat: 

Organization 

Employees 

Dependents 

Site 

Hilton  Inn 

120 

380 

Fremont 

Airport  Admin.  Off. 

30 

95 

El  Paso 

Colo.  Spgs.  Electric  Div. 

80 

254 

Teller 

Colo.  Spgs.  Sewer  Div. 

25 

79 

Fremont 

Colo.  Spgs.  Water  Div. 

56 

178 

El  Paso 

Colo.  Spgs.  Gas  Div. 

24 

76 

Teller 

Colorado  Interstate  Gas  Co. 

191 

605 

F.1  Paso 

Colo.  Spgs.  Purchasing  Dept. 

38 

120 

El  Paso 

Colo.  Spgs.  Planning  Off. 

14 

44 

El  Paso 

Colo.  Spgs.  Clerk 

14 

46 

F.1  Paso 

El  Paso  Co.  Clerk 

11 

34 

El  Paso 

Colo.  Spgs.  Park  A Rec. 

40 

126 

El  Paso 

U.S.  Postal  Service 

244 

773 

Teller 

Colo.  Spgs.  Garage 

10 

32 

El  Paso 

Airport  Limousine  Serv. 

14 

45 

Fremont 

Bessemer  Bus  Company 

10 

32 

Fremont 

Yellow  Cah  Co. 

75 

238 

Fremont 

Colorado  Springs  Coach 

40 

130 

Fremont 

Gray  Line  of  Colo.  Spgs. 

45 

143 

Teller 

O.tlby  Transfer  A Storage 

24 

75 

Fremont 

Cowcti  Transfer  f.  Storage 

37 

116 

Fremont 

Weicker  Transfer  and  Stor. 

67 

212 

Fremont 

United  Parcel  Service 

133 

422 

Teller 

Chicago  Rock  Island  RK 

108 

342 

Teller 

Santa  Fe  RK 

198 

627 

Fremont 

Wy  co  P i po 1 ine  Co . 

15 

49 

Fremont 

Petco  Inc. 

15 

64 

Fremont 

Continental  Oil  Co. 

8 

34 

Fremont 

Helium's  Skeliy  Service 

4 

13 

El  Paso 

Hill  Oil  Co. 

6 

19 

Fremont 

N.  Nevada  Shamrock 

5 

16 

El  Paso 

Joe  Buan  Texaco 

2 

6 

El  Paso 

Lucy's  Skeliy 

4 

13 

El  Paso 

list  Street  Standard 

4 

12 

Teller 

Don's  Texaco 

5 

16 

Teller 

Holland  Park  Mobil 

2 

7 

El  Paso 

WW  Gas  Ranch 

12 

38 

Fremont 

Court  House  Chevron 

3 

10 

Fremont 

College  Chevron 

2 

6 

Fremont 

20 


I 


(Appendix  C,  Continued) 


Organization 

Colo.  Spgs.  Public  Works  Dept 
Colorado  Springs  Engineer 
Defense  Supply  Agency 
Sinton  Dairy 

Colorado  Springs  Controller 
Colorado  Springs  Treasurer 
El  Paso  Co.  Treasurer 
Internal  Revenue  Service 
Colo.  Spgs.  National  Bank 
Exchange  National  Bank 
Firsc  National  Bank 
Northern  National  Bank 
Pikes  Peak  National  Bank 
Western  National  Bank 
Bank  Clearing  House 
Federal  Aviation  Admin. 
National  Weather  Service 


(Source:  Reference  20) 


Employees 

Employees  and 
Dependents 

Relocation 

Site 

26 

82 

El  Paso 

15 

48 

El  Paso 

40 

127 

Teller 

158 

501 

El  Paso 

0 

28 

El  Paso 

6 

21 

El  Paso 

4 

14 

El  Paso 

1 7 

54 

El  Paso 

22 

70 

Teller 

27 

86 

Teller 

16 

51 

Teller 

17 

54 

Teller 

15 

48 

Fremont 

17 

54 

Fremont 

35 

111 

Fremont 

fiO 

367 

El  Paso 

85 

269 

El  Paso 
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